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Abstract 
The successful development of a sustainable urban environment is one of the major 
challenges in contemporary cities.  Sustainable development has been promoted as a 
solution for today’s international environmental, social and economic crises.  Abu Dhabi 
Emirate has passed through an amazing growth period, with a significant social, 
economic and environment impact.   Abu Dhabi plans to build an attractive, liveable and 
sustainable managed urban environment in which all necessary services and 
infrastructure are provided in a sustainable and timely manner. 
  
This research assesses the environmental impact associated with urban development in 
Abu Dhabi.  The challenges that Abu Dhabi Emirate face in urban environment, could 
be resolved through the adoption of ‘green policies’ in urban planning and management 
approach, which encompass the principles of sustainable development.  The lack of 
communication between the different entities poses one of the main challenges; unclear 
delineation of roles and responsibilities for Abu Dhabi stakeholders in environment 
issues is another challenge.  The conflicting issues regarding delineations and 
responsibilities can lead to misguided decision making in urban strategies.  There are 
also neither clear indicators of sustainability nor proper assessment mechanisms for Abu 
Dhabi’s built environment.  A spatial indicator, which is considered an important 
decision making tool for urban strategies, is only used as a visual display tool and is not 
linked to decision making in Abu Dhabi.  
  
This research project aims at developing a set of sustainability indicators for the 
challenging Abu Dhabi built environment and examine the possible use of  the 
Geographic Information System (GIS)  to support decision making and build a coherent 
Decision Support System (DSS). This research has adopted the Driving force, State, and 
Response (DSR) framework. It considers that driving forces (human activities, 
population growth, climate change, etc.) have an effect on the environment, changing its 
state (quality and quantity of natural resources, for example) accordingly, society 
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responds to mitigate these changes (through policies or new behaviour, for 
example).  This framework that was selected in this research aims not only to the use of 
sustainability indicators to assess conditions, but also to monitor changes and to 
recommend potential response to mitigate identified issues. Energy, water and solid 
waste sustainability indices were developed  based on understanding Abu Dhabi’s needs 
and priorities.  Validation of the selected indicators and their assigned weight was made 
using the Delphi technique. The key objective of this technique is to obtain consensus 
information from different stakeholders. The involvement of stakeholders is a key part 
of developing of a strong decision making framework. The weights were assigned to all 
sustainability indicators using pair-wise comparison; the importance of each indicator 
was taken from stakeholder’s evaluation of indicators. Based on this information, a 
numerical score for Abu Dhabi’s sustainability performance was assigned. 
  
Indicators with spatial reference are identified to build a GIS database.  A 
comprehensive GIS database was built using six spatial sustainability indicators that 
were presented in the form GIS layers. The previously established ranks and weights 
were assigned to the indicators in each layer in ArcGIS environment.  A geo-processing 
model was developed as a Decision Support System and it was applied to generate 
sustainability Performance index maps. These maps show a Low, Medium, High and 
Very High pressure areas in the Abu Dhabi Island,  where the High pressure indicates 
less sustainable and Low pressure indicates sustainable.  The GIS Maps were also 
generated to identify energy, water and solid waste hotspots and the sustainability of 
each area was ranked based on these factors. 
  
The information from this research has illustrated the real potential of the sustainability 
indicators for managing built environment sustainability performance.  Furthermore, the 
research provides a clear perspective on how the proposed indicators can be used to 
develop a decision  support system to assess and improve Abu Dhabi’s built 
environment sustainability.  It is evident that the integration of spatial information will 
help to promote sustainability of Abu Dhabi’s built environment.   
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The role of GIS in the analysis of sustainability, with respect to Abu Dhabi’s built 
environment, is illustrated by identifying energy, water and solid waste hotspots. This 
system makes it possible to rank sustainability and evaluate the impact of socio-
economic behaviour on environment using spatial indicators. 
From this study it is found that, the Abu Dhabi has low sustainability performance, 
comparing with the average global sustainability performance.  To address Abu Dhabi’s 
low sustainability performance a close coordination between the stakeholders during 
formulating environment polices is much needed.  In order to enforce these polices each 
entity should have defined roles and responsibilities. Enforcement of legislation at all 
levels will significantly change the residents behaviour and will help the city to achieve 
better sustainability performance in the future. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Problem Statement 
 
Sustainable development within urban areas has become a great challenge for various 
governments. Abu Dhabi Emirate is the capital of United Arab Emirates (UAE) and is 
one of the fastest developing emirates in the region. Both the infrastructure sector and 
the city’s economy are booming. Towards this end, there has been a remarkable urban 
development within Abu Dhabi. In such circumstances, collaborative efforts between 
decision makers and various interest groups are essential. Unfortunately, various points 
of divergence exist between the two groups. Urban development is characterised by the 
settlement’s creeping movement. Rivera (2009) describes this creeping movement as the 
gradual encroachment of land due to the growth of urban settlements. 
 
In the context of Abu Dhabi, the urban areas are gradually creeping onto other areas of 
the environment; this is becoming unsustainable. Consequently, there is a need for a 
development strategy that outlines the bylaws and tasks to be undertaken for the long 
term sake of a sustainably built environment. In this regard, this study discusses the 
following thesis statement: a spatial decision support system (SDSS) will encourage 
sustainable growth of urban areas with respect to environmental concerns in Abu Dhabi. 
Sustainable development is described as an action plan through which resource-
dependent activities can maintain themselves. 
Technicalities around the subject are why most policy maker are not concerned by the 
problems resulting from urban development,  Trudgill  (1991) identified  six key barriers 
to a better environment policy:  “Awareness that there are environmental problems, 
Knowledge about the causes and consequences of those problems, Social concern about 
the problems, Technological solutions for dealing at least with some of them Economic 
resources to intervene and Political will to take action”.   Built-environment 
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sustainability and its future trends is an essential issue for all cities and in the context of 
Abu Dhabi this barriers a much higher challenge. 
According to  Lin et al. (2009), little effort has been engaged towards meeting 
sustainable development in Abu Dhabi. For instance, there needs to be an adequate 
management system to facilitate research on sustainable development in the city of Abu 
Dhabi. A comprehensive database and record for the environmental indicators that meet 
international standards are also lacking. Such information would add value to 
development initiatives by enhancing concerns for the environment. 
 
Abu Dhabi requires a clear environmental legislative board and management strategy. 
The legislative board will create the legal framework through which urban development 
will be conducted. A management strategy will provide the necessary guidance for 
sustainable development. Sustainable urban development requires an evaluation and 
monitoring mechanism. In this regard, this study outlines how a monitoring system can 
be established. Details pertaining to the recording and analysis of data will be outlined 
in subsequent sections of the study. 
1.2 Research Hypothesis and Objectives 
 
The purpose of this thesis is to determine the indicators of sustainable development. The 
study is contextualised with respect to the unsustainable model currently being 
experienced in Abu Dhabi. This research demonstrates integration between the 
sustainability of the built environment, indicators and spatial analysis. Geographic 
information systems (GIS) are used widely as a tool in managing economic, political, 
social, environmental, architectural and many other discipline-specific problems. The 
GIS was chosen as a helpful tool to lessen the risk of failure in future management and 
sustainable development for Abu Dhabi. 
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The study has been developed based on the hypothesis that sustainability indicators and 
GIS could be used as sustainably built environmental decision system tools. In this 
regard, GIS is used to determine relevant environmental indicators in Abu Dhabi, UAE. 
 
This research will examine the environmental problems associated with urban 
development in Abu Dhabi, aiming to answer the following questions: 
x What is sustainable development and why does Abu Dhabi Emirate need 
environmental sustainability indicators? 
x What are the environmental indicators currently used in Abu Dhabi Emirate to 
guide sustainable urban development? 
x Do the current collection of use indicators in UAE reflect environmental needs 
and aspirations for the built environment? If not, what are the relevant indicators 
that should be adopted to achieve a sustainably built environment? 
x How to find or/and build clear indicators for the Abu Dhabi built environment? 
x How can indicators of sustainable development help decision makers in the 
urban environment field? 
x Can we use a GIS to monitor, record and predict environmental sustainability, 
and as a support system within the planning and institutional structure in UAE? 
x How can spatial analysis, which is considered a major integration tool for urban 
analysis, link to decision making in sustainable urban environments? 
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1.3 Thesis Framework 
 
This thesis is organised into eight chapters, outlined below. 
Chapter 2 (Literature Review: Sustainable Development in Built 
Environments) 
 
This chapter describes the theoretical framework for sustainable development. It aims to 
study sustainable development in the built environment. It will discuss the challenge of 
adopting ‘green policies’ in city development and management methods, which 
represent the philosophy of sustainable development. This chapter will review the 
background and theory of sustainable development in the built environment, the concept 
of sustainable development and will then describe the commonly available assessment 
methods in different levels. Additionally, the chapter will exemplify the significance of 
sustainability indicators and how they offer trustworthy direction (pertaining to 
important aspects that decide the situation of urban environment and classify main areas 
that need intercession) to the public and those responsible for making decisions. 
This chapter answers the following questions: 
x What is sustainable development and why do we need environmental indicators? 
x How to find and/or build clear indicators for built environments? 
x How can indicators of sustainable development help decision makers in the 
urban environmental field? 
Chapter 3 (Geographical Information Systems) 
 
This chapter describes the theoretical framework for using spatial analysis to manage 
urban information. It explores the use of spatial data as a decision making tool that is 
much needed in constructing sustainable built environments. The chapter demonstrates 
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the benefits of using GIS, its role in urban information modelling and how GIS is linked 
to decision support systems in resource management. This review describes the use of 
GIS as a potent instrument for perception and supervising the outcome of urban 
development. Further, the modelling and visualisation ability of GIS enables a method 
of testing alternatives and turning data into information. 
This chapter answers the following question: 
x How can GIS, which is considered a major integration tool for urban analysis, be 
linked to decision making in planning and upholding a sustainable built 
environment? 
Chapter 4: Research Methodology 
 
This chapter explains the method adopted for the study to develop and the research 
hypothesis and reaches the objective. The chapter identifies particular research strategies 
and approaches to both develop and validate the framework. The chapter discusses the 
research strategy overview, and the process and method of developing sustainability 
indictors. This included using a Delphi survey to validate the proposed indicators and 
applying multi-criteria evaluation (MCE) to evaluate solutions to a decision problem 
using pair-wise comparison. This chapter will discuss the method of using spatial 
analysis and GIS to conduct a sustainability assessment. 
Chapter 5: Case Study 
 
This chapter presents Abu Dhabi Emirates as a case study for this research. This chapter 
will review sustainable development in Abu Dhabi Emirate, along with the current 
environmental assessment methods applied in the Abu Dhabi Emirate at various stages, 
and their targets in the assessment of Abu Dhabi’s sustainability. 
 
This chapter answers the following questions: 
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x What challenges are Abu Dhabi Emirate facing as an urban environment? 
x What are the environmental indicators currently used in Abu Dhabi to guide 
sustainable urban development? 
x Why it is important to establish a coherent environmental urban strategy for Abu 
Dhabi? 
Chapter 6: Developing Abu Dhabi’s Sustainability Indices 
 
In this chapter, sustainability indices for water, energy and solid waste sectors are 
developed. The chapter consists of three main sections: the first covers developing Abu 
Dhabi’s sustainability water index, the second looks at developing Abu Dhabi’s 
sustainability solid waste index, and the final section covers developing Abu Dhabi’s 
sustainability energy index. Each section in this chapter will discuss the development of 
a sustainability framework and indicators. It will also evaluate Abu Dhabi Emirate 
sustainability performance using the proposed sustainability indicators. 
 
In this chapter, the findings from the Delphi survey on the developed indicators will be 
presented. These will illustrate expert evaluations of the developed framework and 
indicators’ sustainability, in terms of the effectiveness in supporting decision makers to 
evaluate the city’s sustainability performance. 
Chapter 7: Development and Assessment of Spatial Indicators 
 
This chapter has several aims. It will examine the relevance of current environmental 
indicators and the possible development of a GIS-linked environmental decision support 
system for Abu Dhabi’s urban environment. The chapter will evaluate Abu Dhabi’s 
sustainability performance using spatial indicators, GIS and MCE. It will then present 
the benefits of GIS and the role it plays in the management of urban information. 
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Chapter 8: Conclusion and Discussion 
 
This chapter will discuss the research findings, future work and the limitations of the 
current study. 
 
1.4 Summary and Link 
 
This chapter has introduced the research study and detailed the research background, the 
hypotheses and objectives. It has also outlined the research framework. The next chapter 
is a discussion of the theoretical framework and a review of the literature relevant to 
sustainable development. 
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CHAPTER 2: LITERATURE REVIEW 
(SUSTAINABLE DEVELOPMENT) 
 
2.1 Introduction 
 
The twenty-first century presents perhaps one of the greatest challenges to the survival 
of humanity and the continuity of life on earth. Presently, the world is plagued with a 
number of problems, such as political revolutions and economic uncertainties. However, 
Booysen (2002) points out those environmental challenges, like pollution and 
unsustainable resource use, have emerged as the most serious global threats to life. 
Studies like that of Carr et al. (2007) call for the responsible use of resources with 
minimum impact to the environment, to ensure survival of humanity. Sustainable 
development has come to represent the collective initiatives and efforts by individuals, 
governments and non-governmental organisations. 
 
These efforts are aimed at encouraging responsible political, social and economic 
activities to preserve the planet for future generations. The earth’s ecological system 
also support all other forms of life including human beings. The problem statement 
indicated that urbanisation has emerged as a front promoting unsustainable use of the 
environment. A similar perspective is held by Mawhinney (2002), who examines 
environmental degradation due to urbanisation. Urban challenges such as pollution, 
energy and water conservation have been the direct result of policies that encourage 
unsustainable urban development. 
 
In this literature review, the discussion focuses on sustainable development and other 
related elements. A number of studies examine the pursuit of sustainable environments 
in built-up areas (Mori and Christodoulou, 2012). Consequently, this section of the 
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study evaluates some sustainable development practices. Some of the issues discussed in 
this chapter include the definition of sustainable development and related indicators. 
The first section of the literature review examines the historical background of 
sustainability indicator development with respect to urbanisation. The second section 
will explore the definition of sustainability indicators, benefits and capabilities derived 
from using sustainability indicators. Moreover, the chapter discusses sustainability 
indicators as an integration tool that links built environment performance analysis to 
decision making. The section also examines the current environmental assessment 
methods applied worldwide and how they can be used to support sustainable 
development. 
2.2 Sustainable Development Definition 
 
The term ‘sustainable development’ was first used in the 1980 World Conservation 
Strategy by the World Conservation Unit (WCU). The WCU defined sustainable 
development as ‘the maintenance of essential ecological processes and life support 
systems, the preservation of genetic diversity and the sustainable utilisation of species 
and eco-systems’ (IUCN, 1980). 
 
In 1987, the World Commission on Environment and Development (WCED) released 
the report Our Common Future. The report defined sustainable development as ‘the 
need of the present without compromising the ability of future generations to meet their 
own need’ (UN, 1987). Based on the WCED report, the definition of sustainable 
development was discussed in depth at the Earth Summit Conference in Rio de Janeiro 
in 1992 (UN, 1992). 
 
The Rio conference published three key documents: Agenda 21, The Rio Declaration on 
Environment and the Statement of Forest Principles. Agenda 21 motivated national and 
global organisations to evaluate their cities’ sustainability performance by developing 
sustainability indicators based on those cities’ concerns. Agenda 21 declared that 
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‘Indicators of sustainable development need to be developed to provide solid bases for 
decision making at all levels and to contribute to a self-regulating sustainability of 
integrated environment and development systems’ (UN, 1992). The conclusion of the 
Rio conference was seen as the trigger for a global conversation on sustainable 
development with respect to urban growth. Consequently, there has been a need to 
measure and monitor sustainability. Masnavi (2007) argues that several attempts have 
emerged to develop sustainable indicators. A similar perspective is held by Wilson et al. 
(2007) and Brandon and Lombardi (2011). 
 
The broad definition of sustainable development enables various understandings. Mori 
and Christodoulou (2012), criticise the broad definition, given the inability to verify 
people’s needs. Mori and Christodoulou (2012) note it is difficult to predict what 
people’s needs might be in the future. Daly (1990) states that if ‘the need of the present’ 
includes cars per capita for a family of three in China, then sustainable development is 
hopeless (Daly, 1990). In addition, ‘the ability of the future generations to meet their 
own needs’ may be interpreted as requiring either strong or weak sustainability the 
pervasive issue of substitutability surfaces again.  Yigitcanlar et al. (2010) have also 
argued that the definition should include a minimum use of non-renewable sources. 
 
However, the aforementioned assertion depicts a better picture of what can be achieved. 
It refers to sustainable development as not being an end point to reach, but rather as a 
continuous process of change. This definition is flexible and sets up major procedural 
views that have been accepted globally. It has marked the ‘road map’, despite its 
limitations. In light of this, sustainable development therefore aims at improving living 
standards for the current and next generations, while ensuring the earth maintains its 
capability to support life (Schmandt and Ward, 2000). 
 
Sustainable development promotes stable levels of employment that emerge from a 
strong educational, innovation, social, health and environmental base. The three factors 
mentioned represent the environmental, social and economic fronts of sustainable 
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development, respectively. There is consensus among key stakeholders that these three 
dimensions form the basic pillars of sustainable development (Rao, 2000). Many also 
agree that many approaches exist regarding the links between the dimensions. In this 
regard, policy makers allocate the environmental pillar as the origin of sustainable 
development, while the economy is considered the tool through which sustainable 
development is achieved. In contrast, the social dimension is the primary target of 
sustainable development (Olafsson et al., 2014).  Figure  2-1  The three foundations of 
sustainable development explains the relation between the economic, social and 
environmental aspects of sustainable development. To gain an idea of the three 
foundations of sustainable development, it is prudent to examine them separately. 
 
Figure  2-1  The three foundations of sustainable development 
 
Source: (Cato, 2009) 
1.1.1 The Environment 
 
The natural environment is increasingly under pressure from human activity. Human 
activities associated with urbanisation present an enormous challenge to environmental 
policy makers regarding the best way to meet current human demands. According to Lee 
and Burnett (2008), the challenge arises from the need to meet human demands while 
maintaining a sustainable natural environment. Niemeijer and Rudolf (2008) point out 
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the need to acknowledge that the existence of a natural environment is the basis for 
sustainable development. In this regard, studies like that of Alexandrov et al. (1996) and 
Doukas et al. (2012) emphasise the need to implement numerous steps that will ensure 
security of the physical environment. Geche (2005) describes the physical environment 
as that which includes natural resources and all the relevant processes and balances. 
Geche’s (2005) study suggests the following steps as key to promoting sustainable 
development with respect to the physical environment: 
a) Controlling global warming 
b) Proper disposal of harmful chemical wastes 
c) Curbing the loss of biodiversity. 
1.1.2 The Economy 
 
The economy plays crucial role in sustainable development. According to Shane and 
Shane and Graedel (2000), the economy facilitates an equitable distribution of resources 
and wealth. This equitable wealth distribution fosters economic prosperity among 
people in a given locality. Successful application of economic policies that support 
sustainable development will be a move towards the eradication of poverty. Shane and 
Graedel’s (2000) study also notes that positive economic growth improves a people’s 
standard of living, while safeguarding the environment along with scarce resources. 
 
Economic development with the least adverse impact on the environment can be 
considered sustainable development.  Hill et al. (2006) hold a similar perspective and 
argue that eco-efficiency is only possible through careful and planned application of 
economic tools. In this regard, eco-efficiency must be supported by elements such as 
legislation and public awareness campaigns. More importantly, the economy can 
achieve sustainable development through supporting ‘green’ investment ventures and 
increasing research into the activities that promote sustainable economic activities. 
1.1.3 Social 
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The social component of sustainable development stresses the need to use available 
resources responsibly, while minimising degradation of our surroundings. According to 
Baker (2006), responsible use of environmental resources helps to ensure that future 
generations will benefit. The spirit behind the social component is a selflessness that 
ensures positive growth of the entire society (Halberg et al., 2005). Achievement of 
sustainable development through the social component takes place through civil society 
work that primarily aims at solving various types of issues, as well as participating in 
decision making processes. 
1.1.4 Rationale for Sustainable Development 
 
In a summary, sustainable development calls for a methodological perspective that links 
space and time. The literature review on the definition of sustainable development calls 
for the evaluation of our world in terms of space. Sustainable development stresses the 
formulation of policies that curb all types of pollution and other causes of environmental 
degradation (Elliott, 2012). In terms of time, sustainable development stresses the 
importance of making sound decisions that will ensure conservation of the natural 
resources for current and future generations. 
As mentioned earlier, urban areas are increasingly becoming the face of unsustainable 
development. Policy makers in the built environment have drawn criticism for either 
complacency or ignorance in implementing sustainable development policies (Keiner et 
al., 2004).  Sustainable urban development has therefore come to denote initiatives 
aimed at helping urban centres (and other built environments) overcome the challenges 
that hinder sustainable development. Based on this discussion, there is a need for 
assessment criteria on sustainable development with respect to the environment. 
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2.3 Environmental Assessment Methods 
 
Environmental assessment is a technique used to estimate the environmental influences 
of planned projects (CEAA, 2007, Atkinson et al., 2009). Environmental assessment 
methods help to guarantee that environmental effects are considered before decisions are 
made (EC, 2010). There are a number of assessment methods for evaluating 
environmental sustainably at different levels. Most of the methods can be used to 
support the sustainable development of cities. The assessment methods are classified 
into two categories: pre-Bruntland (which encompasses the environment in general) and 
post-Bruntland life cycle assessments (Brandon and Lombardi, 2005), as shown in 
Table  2-1  
Table  2-1   Environmental Assessment Methods 
Pre-Brundtland 
environment in general 
Post-Brundtland forms of life cycle assessment 
Environmental appraisal Environmental impact assessment 
Cost-benefit analysis 
Contingent valuation 
Hedonic pricing methods 
Multi-criteria analysis 
Compatibility matrix 
Eco-profiling 
Ecological footprint 
Environmental auditing 
Flag method 
Spider analysis 
EIA—Environmental impact 
Analysis 
SEA—strategic environmental 
assessment 
Community impact evaluation 
ASSIPAC 
BEES 
BREEAM 
Eco-point 
Green building challenge 
MASTER framework 
Meta-analysis (pentagon methods) 
NAR model 
Quantitative city model 
SPAETACUA 
Sustainable city model 
Sustainable communities 
Sustainable regions 
Transit-oriented settlement 
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Source: ( Brandon and Lombardi , 2005) 
2.3.1 Building Research Establishment Environmental 
Assessment 
 
Building Research Establishment Environmental Assessment (BREEAM) is an 
assessment method for environmental sustainability. This concept provided the first 
building assessment methodology (BREEAM). It was established in the United 
Kingdom (UK) in 1990 by the Building Research Establishment (BRE) as an 
independent methodology for assessing the environmental quality of buildings (Brandon 
and Lombardi, 2005, Lee and Burnett, 2008). It won ‘the world’s best program for 
environmental assessment’ at the World Sustainable Building Conference (2005) in 
Tokyo (Atkinson et al., 2009). Currently, not less than one million structures have been 
scheduled for certification and around 25 per cent of these have been given the requisite 
certificate. The system lays down ‘standards for best practices’ for different stages of 
construction. Designers, owners and customers are advised to utilise low carbon 
products. The motive behind such a system is to minimise the requirement of various 
energies prior to using them. As such, it is understood that reducing energy requirements 
is a prerequisite in construction projects. 
 
BREEAM is commonly used for building sustainability worldwide, and it regulates the 
standard for best practice in building sustainability (BREEAM, 2010). The basis of the 
scheme is a certificate awarded to individual buildings, clearly stating the performance 
of the building against a set of defined environmental (Brandon and Lombardi, 2005). 
Suitable benchmarks are fixed for different levels of construction and are scrutinised 
using standard performance measures. These standards are stricter than those set by 
governments; different aspects like energy and the ecology are especially assessed. In 
addition to these significant aspects, general issues like water and energy consumption 
are also considered. The system is simple and can be viewed by all. It encourages 
ecological design and other aspects of the construction process. BREEAM has five 
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rating certificates: a building with a 30 per cent rating is considered to pass the test, 45 
per cent means that the rating is good, 55 per cent means a very good rating, 70 per cent 
denotes an excellent rating, and 85 per cent rating means that the building has achieved 
an outstanding sustainable assessment (Howard, 2005). 
2.3.2 United States’ Leadership in Energy and Environmental 
Design 
 
The Leadership in Energy and Environmental Design (LEED) assessment is a method 
used to evaluate the overall sustainability of design, construction and operation of 
commercial and residential buildings (Rivera, 2009). LEED is the brainchild of the 
United States Green Building Council (USGBC). The assessment criteria were 
introduced in the United States (US) in 1998, when the first version (V1.0) was 
launched. USGBC is a not-for-profit organisation. Over the years, different versions, 
such as V2.0 and V3.0, have come into force (Howard, 2005). There are different types 
of LEED, such as: Neighbourhood LEED, Building Operations and Maintenance LEED, 
Commercial Interiors Projects LEED, Core and Shell Development Projects LEED, 
Homes and School LEED. 
 
The LEED system is used in various projects related to building construction, such as 
external and internal designs, operations and maintenance, neighbourhood development, 
and homes. According to Roderick et al. (2009), LEED has two assessment stages. The 
stages are as follows: 
a) At the end of the design stage, 
b) At the end of construction stage. 
There are a number of assessment methods similar to LEED. In the study by Lichfield 
(2009), ‘Green Start’ is applied to the development agenda within Australia. The 
CASBEE in Japan and GBAS in China are assessment techniques similar to LEED. 
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However, Williams (2007) has argued that LEED, BREEAM and other assessment 
methods mainly assess energy efficiency, as opposed to sustainability. Williams (2007) 
argues that the efficiency measurement is in the domain of non-renewable energy. 
Williams (2007) suggests that ‘efficient use of non-renewable is not a path to 
sustainability’. That notwithstanding, the assessment methods discussed make use of 
eco-technologies. Juwana et al. (2010) argue that eco-technologies play a significant 
role in environmental sustainability during urbanisation. Eco-technologies help to 
establish the importance of using renewable energy sources. 
2.3.3 Ecological Footprint 
 
The ecological footprint (EF) assesses the overall area needed to maintain the food, 
water, energy and waste disposal demands per person, per product or per urban area 
(Bossel 1999). The range of a human footprint depends on the amount of resources used 
and consumed. According to Brandon and Lombardi (2011), travel by foot or bicycle 
has a smaller footprint than that of a person who travels by car. Footprints are calculated 
from a consumption angle, or at the production process (Wackernagel, 2006). 
 
The following is an outline of the formula used in calculating the EF: 
a) Calculation of the footprint ( = consumption item × equivalence factor / average 
yield) 
b) Calculation of the bio capacity (= bio productive area × yield 
factor × equivalence factor). 
The footprint for built up areas is measured based on the area of land covered by human 
infrastructure, such as transportation, accommodation, industrial structures and 
reservoirs for hydropower (Ewing et al., 2009).  The EF indicator is a good way to 
evaluate sustainability.  According to (Bastianoni et al., 2012), it measures the materials 
used and the waste produced, with the ability of the earth to provide the resources. The 
EF provides a mechanism for the disposal of waste in the long term. 
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On other hand, the EF has been criticised for its inability to measure the environmental 
effects of consumption. Olafsson et al. (2014) have argued that the EF indicator by itself 
is not capable of offering the necessary knowledge to conduct a review of a country’s 
strategies. The EF indicator measures the recourse used by a nation and not 
environmental sustainability (Siche et al., 2008, Olafsson et al., 2014).  
2.3.4 Environmental Impact Assessment 
 
Environmental Impact Assessment (EIA) emerged in the 1960s in the US under the 
National Environmental Policy Act (NEPA) (Brandon and Lombardi, 2005). EIA is a 
process that engages different dimensions of a planning problem; it has been linked to 
environmental policies, human activities and construction projects (Brandon and 
Lombardi, 2005). The main objective of EIA is to inform decision makers of the 
environmental consequences of their activities (Jay et al., 2007).  Further, it links the 
projects with environmental and social aspects to reach sustainable development (Abaza 
et al., 2004). 
2.3.5 Community Impact Evaluation 
 
Community impact evaluation (CIE) was developed in 1996 by Professor Nathaniel 
Lichfield (Alexander, 2006), based on the cost benefit analysis method. Its main 
characteristic is that it measures not only the total costs and benefits, but also their 
effects on different sectors of the community. This enables decision makers to be aware 
of equity and social justice implications (Brandon and Lombardi, 2005).  
 
CIE works ‘through the chain of changes likely to result from new development or 
policies, and the distribution of their beneficial and adverse impacts on people that 
produce or experience the changes’ (Lichfield, 2009). CIE can be seen as a tool for 
encouraging participative democracy and for producing social capital, cooperation and 
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coordination in a systematic approach, mainly by increasing citizen participation, 
leading to better governance (Alexander, 2006). CIE also illustrates the distribution 
effect; this indicates which sectors of the community are likely to gain or lose from 
planning (Brandon and Lombardi, 2005). 
2.3.6 Environmental Sustainability Index 
 
At the end of the 1990s, the Environmental Sustainability Index (ESI) was developed by 
Yale and Colombia Universities (Emerson et al., 2010). The key objectives of the ESI 
are to reduce human stress on the environment and manage natural resources. The index 
reflects the strategic priorities of environmental organisations worldwide and the 
Millennium Development Goals (MDG) (Esty et al., 2008). 
 
The ESI is a composite index looking after socio-economic, environmental and 
institutional aspects that effect environmental sustainability at the country level 
(Emerson et al., 2010) to evaluate the sustainability performance of a country. 
 
The index scores a country’s performance between 0 (most unsustainable) to 10 (most 
sustainable) (Bell and Morse, 2008). All performance results exist online in one large 
table and are published every two years, to motivate countries to improve their 
environmental performance. The framework used in developing this index classified 
indicators using the (Driving force––State–Impact–Response) DSIR framework (Bell 
and Morse, 2008). 
 
The ESI contains key components: environmental systems, reducing stresses, reducing 
human vulnerability, social and institutional capacity and global stewardship (Wilson et 
al., 2007), and 20 indicators. Each indicator consists of two to eight variables, for a total 
of 68 underlying datasets (Siche et al., 2008, Wilson et al., 2007).         
CHAPTER TWO 
20 
 
2.3.7 United Nations Conference on Environment and 
Development 
 
The UN has a series of key conferences in sustainable development. Twenty years after 
the first global environment conference on the human environment in Stockholm, 
Sweden (1972), the Rio conference (Earth Summit) was held in 1992 and published 
three significant documents (UN, 1992c): Agenda 21, The Rio Declaration on 
Environment and The Statement of Forest Principles. Agenda 21, which is the key 
outcome of the UN conference, encouraged cities to establish sustainability indicators to 
evaluate and manage sustainability, according to their own priorities. It agreed that a 
five-year revision of Earth Summit implementation would be arranged (Rio+5 and Rio+ 
10). In June 2012, the UN organised the Rio+20 in Rio de Janeiro, Brazil, to discuss the 
implementation of Agenda 21. 
2.3.8 United Nations-HABITAT 
 
UN-HABITAT was developed in 1978, as a result of the UN conference on human 
settlements (Habitat I), organised in Vancouver, Canada in 1976 (UN-HABITAT, 
2006). Habitat II published the first set of sustainability indicators (Winston and 
Eastaway, 2008). The initial set of indicators was based on a driving-state-response 
(DSR) framework (this framework will be discussed in more detail in Chapter 4). 
Habitat II presented urban indicators to assess urban trends and the progress of 
implementation of the habitat agenda. The indicators were tested in 22 countries and 
updated at the UN Conference on human settlements, Istanbul +5, which was organised 
in New York city in 2001 (Cities in a Globalising world: Global report on Human 
Settlements). This was based on four dimensions of sustainable development: 
environmental, economic, social and intuitional. The conference published 23 key 
indicators and nine lists of qualitative data. 
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Shelter indicators noted in the document include: floor area per person; population of 
formal and informal urban settlements; distance travelled per capita by mode of 
transport; and intensity of energy use (Winston and Eastaway, 2008). The updated 
indicators helped many countries to develop national indicators based on their local 
concerns. UN-HABITAT Agenda indicators were distributed on six proposed axes in 
the agenda as follows: shelter, social development and demolishing poverty, 
environmental management, economic development, governance and international 
cooperation. 
Environmental indicators will assist cities in their quest towards effective and 
sustainable use of resources to promote sustainable development. Moreover, cities need 
indicators to ensure safety and sustainability of the structures erected in the city for 
safety and better ecosystem management. (Brandon and Lombardi, 2011) have argued 
that UN indicators are not integrated with each other; each indicator influences another 
indicator and there is a problem associated with a lack of separate measurement,’ which 
mean too much or too little emphasis is given to one measure’ However the UN has 
started the journey, and countries must seek to develop responses according to their 
needs. 
2.3.9 United Nations Millennium Summit 
 
UN Millennium Summit, established in New York September 2000, focused on 
assessing challenges in the twenty-first century. In this summit, 189 members of the UN 
agreed to help the suffering of humanity in poorer countries by the year 2015 (Rao, 
2003). The final outcomes from this summit include the Millennium Declaration and 
MDGs, which provide a framework for all countries to ensure that human development 
reaches all humanity in all places (Kenny and Karliner, 2002). MDGs urged countries to 
secure environmental sustainability, and to maintain natural resources (Olafsson et al., 
2014). MDGs consist of eight main goals, broken down into 21 targets that are measured 
by 60 indicators. 
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Goal 7 of Millennium Development, ‘ensure environmental sustainability’ serves as the 
framework for sustainable development by ensuring the three pillars of sustainable 
development (UN, 2011). The Goal 7a target is ‘Integrating sustainable development 
principles into national policies is critical to successful implementation and promotion 
of environmental sustainability’. Target 7b is ‘reduce biodiversity loss, to achieve a 
significant reduction in the rate of loss’ (UN, 2011). These targets are measured by 
seven indicators (UN, 2011): 
x 7.1. Proportion of land area covered by forest 
x 7.2. CO2 emissions, total, per capita and per $1 GDP (PPP) 
x 7.3. Consumption of ozone-depleting substances 
x 7.4. Proportion of fish stocks within safe biological limits 
x 7.5. Proportion of total water resources used 
x 7.6. Proportion of terrestrial and marine areas protected 
x 7.7. Proportion of species threatened with extinction. 
The UN Millennium Summit was followed by the World Summit (+5) in September 
2005, and World Summit (+10) in September 2010, to assess the implementation and 
status of MDGs and millennium goals. 
2.3.10 European Union Indicators 
 
Within the European Union (EU), sustainable development objectives have been 
included in Article 2 of the Amsterdam Treaty 1997. They endeavoured to create a tool 
to measure sustainable development using indicators developed by the European 
Environmental Agency (EEA) and EUROSTAT (Rametsteiner et al., 2011). 
 
The European Common Indicator (ECI) was the first European initiative to assess and 
monitor European cities. In May 1999, it began to establish sustainability indicators 
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(AIRI, 2003). The updated set of ten environmental sustainability indicators were 
developed later. These indicators are listed below (Rametsteiner et al., 2011): 
x Citizen satisfaction with the local community 
x Local contribution to global climatic change 
x Local mobility and passenger transportation 
x Availability of local public open areas and services 
x Quality of local ambient air 
x Children’s journeys to and from school 
x Sustainable management of the local authority and local business 
x Noise pollution 
x Sustainable land use 
x Products promoting sustainability 
In 2001, The Commission of European Communities in Goteborg Sweden implemented 
the first EU Sustainable Development Strategy (SDS), based on a WCED definition 
(Winston and Eastaway, 2008). The environmental pillar was attached to the Lisbon 
Strategy (2000) on employment, economic reform and social cohesion (EU, 2006). It is 
a framework for a long term vision of sustainability, aiming to support sustainable 
development indicators in European cities. 
 
In 2002, and based on the 2001 EU SDS, the Commission of European Communities 
proposed a list of indicators to support their Spring Report 2003. 
 
In 2006, the EU strategy was reviewed; from 2007 the strategy was to be reviewed every 
two years. The progress report was established to monitor progress in achieving the 
strategy objectives. Ten priorities are nominated in this report (Bolla et al., 2009): 
monetary accomplishment, environmental transformation and energy, feasible means of 
communication, feasible utilisation and manufacture, supervision of natural resources, 
people’s wellbeing, communal insertion, transformation in demography, worldwide 
affiliation, and superior administration. 
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In 2007, the EU 20-20-20 target was accepted by the Spring European Council. The 
objective of this strategy is to turn the EU into a sustainable region. EU 20-20-2 key 
targets include a reduction of 20 per cent in greenhouse gas emissions, an increase of 20 
per cent in energy effectiveness, and production of at least a 20 per cent increase in 
energy efficiency, with 20 per cent of energy derived from renewable sources (Bolla et 
al., 2009). 
 
 
2.3.11 One Planet Future (World Wildlife Fund) 
 
The World Wildlife Fund (WWF) was created in 1961. WWF highlights the idea of a 
‘One Planet Future’, to achieve a sustainable future by ensuring balance between human 
demands and availability of natural resources (WWF, 2010a, McLellan et al., 2014). 
The vision was based on reducing impacts from current levels, which equated to roughly 
three times the carrying capacity of the planet (Atkinson et al., 2009, McLellan et al., 
2014). WWF’s aim was to ‘stop the degradation of the planet’s natural environment and 
to build a future in which humans live in harmony with nature’ (WWF, 2010b). WWF 
has published the Living Planet Report, that assesses a country’s performance based on 
developed indicators (McLellan et al., 2014). 
2.4 Sustainable Development Indicators 
 
An indicator is defined as ‘a value derived from parameters, which points to, provides 
information about, describes the state of a phenomenon/environment/area, with a 
significance extending beyond that directly associated with a parameter value’ 
(PlanBleu, 2010, p1). On another hand, an index is a group of weighted indicators that 
outlines the status of an incident (PlanBleu, 2010). 
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A sustainability indicator is a tool developed from statistics and/or quantitative 
measurements developed over time that helps determine the state of the ecosystem 
(Rugman and Verbeke, 2005). Environmental indicators have become essential tools 
involved in monitoring environmental progress, as well as informing formulation of 
policies for public information. 
2.4.1 Role of Indicators in Decision Making 
 
Sustainability indicators are a strong instrument used to measure sustainability 
performance and increase consciousness about local concerns. Sustainable development 
indicators have the ability to enhance community oriented environmental decision 
making under different conditions in different areas. In addition, they can provide 
decision makers with information about the success of policies in helping develop the 
built-environment situation. 
 
According to Hill et al., (2006), decision and policy making on the environmental level 
involves the sum total of all synthetic and approximate quantification of the properties 
of the environment; for instance, its vulnerability, ability to regenerate and the status of 
conservation. According to Baker (2006), there has never been a generally accepted 
position on the environment’s fragility or vulnerability to stress factors, be they 
exogenous or endogenous. However, thorough knowledge about the above factors is 
necessary for informed decision making. Baker (2006) casts doubt on the ability of 
entities in developing countries to make informed environmental decisions, given that 
such a process of developing a credible indicator requires a heavy investment in 
research, modelling and data collection that is often only possible in industrialised 
countries. Baker (2006)  adds that the decision making process is dependent on a series 
of commonly used data, statistics and environmental indicators that help determine the 
status of the economy. Indicators are intrinsic to decision making and provide the base 
for decision making. They are significant pieces of information on which leaders base 
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their decisions. Framing policy and setting priorities, to assess results critically, depends 
on reliable environmental information. It is important to note that the above mentioned 
decision making depends on sustainability indicators. Through these indicators, policy 
makers have a thorough view on all community performances and procedures that have 
an effect on a city’s sustainability. Decision makers are able to make decisions about the 
performance of sustainable development and/or any specific aspect of it. Further, 
indicators help decision makers in formulating strategy priorities to any variations that 
the performance of sustainable development may take in a given jurisdiction. 
Sustainable development indicators therefore help decision makers to gauge the status of 
their areas of jurisdiction; to make necessary modifications as need arises. 
2.4.2 Environmental Performance Indicators 
 
Performance indicators evaluate states and trends in relation to objectives (PlanBleu, 
2010). The need for performance indicators has become increasingly important among 
corporations (Azzone et al., 1996). Performance indicators can show clearly how the 
organisation is performing, and provide a strong foundation for future targets and 
improvements (EC, 2010). Environmental Performance Indicators  (EPIs) are used in a 
sustainability reporting system that seeks to evaluate community influence on an 
ecosystem. To assess environmental performance, indicators are collected according to 
city-specific frameworks, reflecting local priorities (PlanBleu, 2010). However, as the 
awareness of environmental problems concerns international communities, so national 
governments must work hard to collect data and monitor environmental changes. 
2.5 Sustainable Cities Development 
 
According to Ron Vreeker et al., (2011), cities have become the focal points of 
sustainable human development by being the primary points for consumer activities and 
distribution services.  As a result, they have become largely dependent on surrounding 
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areas for their survival. As we would expect, this situation permeates almost every 
aspect of cities around the world, especially those in developing countries with 
challenges such as pollution, overpopulation, congestion and food deficits. The above 
situation has led to the need for sustainable development. 
 
Growth of per capita income, increases in automobile use, energy consumption and 
spatial planning based on separation of land use function, result in a low density, spread 
land use development, which is often referred to as ‘urban sprawl’ (Vreeker et al., 
2011). 
According to Wheeler and Beatley (2009), urban places and built environments 
represent areas of concentration where demand for resources is high. As such, a failure 
to adopt a planned approach will most likely lead to unsustainable development. 
Sustainable cities can not only reduce environmental damage, but can also inspire 
creative ways to improve an environment’s quality (UN-HABITAT, 2009), from an 
individual structure through to whole cities and countries. 
2.5.1  Sustainable Development  Indicators 
 
Indicators of sustainability play an effective role in helping decision making. The UN 
Earth Summit in Rio motivated countries to create sustainable development indicators. 
Based on the Rio event, a number of sustainability indicators were formed by several 
organisations and cities. Table  2-2 lists the main milestones of sustainability indicators 
since the 1992 Rio conference. 
Table  2-2 Development of sustainability indicator milestones 
 
Year Development 
1992 Agenda 21 (Rio Declaration on Environment and Development) calls for 
the construction of indicators 
1996 UNCSD initial set of indicators 
1999  ECIs project established 
2000 European system of social indicators 
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2001 UNCSD revised core indicators 
2001 EU SDS 
2003 ECIs report 
2004 Aalborg + 10 targets for the sustainability of European cities and towns 
2005 
2005 
EU sustainable development indicators 
Energy indicators for SD guidelines & methodology 
2006 
2009 
2010 
2010 
2011 
Renewed EU SDS 
Europe sustainable cities index 
UN monitoring progress in the water sector: a selected set of indicators 
UN-HABITAT-city solid waste indicators 
Asia sustainable cities index 
2012 Rio+20 
Source: Updated (Winston and Eastaway, 2008) 
Keirstead and Leach (2008) have argued that that sustainability indicators frequently 
introduce a limited view of city sustainability that fails to answer several of the essential 
questions about how a sustainable might be achieved. However, it has been 
demonstrated that sustainability indicators are a tool for solving decision making 
challenges in the multiplicity and uncertainty of the built environment (Banai, 2005, 
Juwana et al., 2010, Van Leeuwen et al., 2012, Martchamadol and Kumar, 2013, Wilson 
et al., 2012).  Sustainable development is a complex concept that could be powerful for 
the social and economic progress of a city. 
2.5.2 Sustainable Development of Built Environments 
 
Despite consensus on what sustainable development entails, many scholars still hold 
divergent views on a standard definition of sustainable development in built areas. 
However, it seems possible that a consensus may be achieved that views sustainable 
built environment as spaces where people would prefer to settle, while accessing diverse 
needs, caring for the environment and contributing to a good standard of living. 
Sustainable built environments offer safety to people through well planned, built and run 
neighbourhoods, as well as equal access to opportunities and basic services. 
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Sustainable development of the built environment considers the environment, social and 
economic sustainability objectives that are critical to successful core planning, and 
achievement of the concept’s policy targets (Curwell et al., 2005). To ensure successful 
sustainability in the built environment, it is important to implement a sustainable 
development framework that is practical and that helps in achieving the sustainability 
objectives within the built environment. 
 
It is important to ensure that legislation and planning policies do not clash with 
sustainability frameworks developed by private developers. According to (Keiner et al., 
2004), sustainable development policies must provide ample time for decision making 
by planners and developers when formulating set targets. The frameworks must aim to 
streamline development processes to ensure achievement of a positive and a proactive 
approach in creating sustainable built environments. Additionally, it is imperative to 
ensure flexibility of the built environment so that assessment of projects can take place 
while also maintaining the project’s integrity. 
2.5.3 Environmental Challenges Facing Fast Developing Cities 
 
The construction sector plays an important role in the positive economic growth of any 
nation and contributes substantially to its gross domestic product (GDP) (Zhou and 
Lowe, 2003). Construction sustainable development is an important aspect in the current 
undertaking of construction projects throughout the world. An up-to-date and efficient 
infrastructure works significantly towards promoting growth, with the construction 
sector playing a key role in ensuring that built structures are not only inventive, but also 
effective in terms of cost. Sustainable construction involves ensuring sustainable 
development during construction. This is the process of applying appropriate practices 
in the selection of materials to be used, their sources, design and method of construction, 
as a way of improving performance, reducing environmental burden, minimising waste 
and enhancing ecological friendliness (HM Government, 2008).  
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Implementing sustainable construction faces many economic related challenges, at both 
the micro and macro levels. One such challenge is the effect of the 2008 economic 
recession. According to Bon and Hutchinson (2000), the main methods of dealing with 
these challenges included ensuring governance through set standards, regulatory and 
legal practices, as well as developing and implementing policies that are market-
focused. 
 
Even though developers understand the value and importance of ensuring construction 
sustainability, this has not been a major priority during current times, as compared to 
previous years. This can mainly be attributed to the harsh economic situation resulting 
from the 2008 economic recession. Previously, sustainable construction was affordable, 
and hence was a ‘must’ for all constructions. The economic downturn has made the 
process very expensive and consequently unaffordable for many developers, who opt to 
leave it out, or to do it using least amount of money possible. This situation has resulted 
in poorly implemented projects. Successful completion of any project requires that all 
quality measures are put in place (Khalfan et al., 2011).  
 
According to UN estimates (2009), half of the world’s population lives in cities. Further, 
the UN predicts that this figure will increase by almost two-thirds of the world’s 
population by 2025 (UN-HABITAT, 2009). This growth will mainly take place in the 
developing world, where cities will be growing at a rate of 3.5 per cent, whereas the 
populations of developed nations will increase by less than one per cent (Baker, 2006). 
According to (Marcotullio and McGranahan, 2007), cities have historically been the 
engines of growth in many countries. As centres of commerce and industry, cities afford 
their residents opportunities for wealth and better living conditions than rural areas. 
However, they have also become sources of major environmental problems that have 
threatened their existence. These problems form the bulk of the challenges facing cities 
and other urban environments. They include scarcity of clean water, climate change and 
pollution (UN-HABITAT, 2009). In addition, more than one billion people in 
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developing cities face environmental hazards, including exposure to untreated effluents 
released to waterways, putting both human and aquatic life at risk (UN-HABITAT, 
2009). The following sections offer brief explanations of the challenges identified 
above. 
Water Supply and Sanitation: Providing potable water and hygienic services is a great 
challenge for most developing cities. Many of these cities supply 60 to 70 per cent of the 
required amount of water. However, a significant amount of water never reaches the 
consumer, owing to faulty distribution networks (Marsalek, 2008). Additionally, these 
cities rely on overwhelmed sewer networks that leave many parts, especially informal 
settlements, uncovered. 
 
Housing: The urbanisation process of developing cities has contributed to the 
compounding housing situation in these environments. Fast developing cities are 
experiencing housing shortage mainly because a fast population growth has led to 
demand outstripping supply. A lack of sufficient residential units has led to 
overcrowding and congestion, giving rise to informal settlements (Jones et al., 2002). 
 
Waste Management and Environment: In fast developing cities, the rate of waste 
generation normally exceeds the rate of collection. Though many cities’ bylaws prohibit 
disposal of waste along rivers, open spaces and drainage systems, the lack of alternative 
waste disposal systems compel residents to violate such laws, leading to pollution of the 
natural environment. Others resort to open air burning, potentially causing air pollution. 
Besides, these cities are experiencing rapid industrialisation marked by the 
establishment of gas-emitting factories that greatly contribute to air pollution (Marsalek, 
2008). 
 
In addition to the above challenges, Jones et al. (2002) assert that some developing cities 
also experience some of the challenges experienced by wealthy cities. High per capita 
resource consumption is one of the main challenges facing both wealthy and developing 
cities. For instance, a New York resident consumes resources and produces garbage at 
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eight times the rate of a Mumbai resident (Jones et al., 2002). The overwhelming 
demand and consumption of energy in both developing and wealthy cities is a major 
contributing factor to greenhouse emissions. 
 
Marsalek (2008) adopts a different approach in examining the challenges facing both 
developing and wealthy cities. The most significant challenge for developing cities 
concerning the environment is the quest to improve environmental conditions for the 
urban poor. Further, he cites the need for reconciliation of competing demands of 
economic growth and environmental protection as another challenge facing both 
developing and wealthy cities. 
2.5.4 Impact of Cities on the Environment 
 
Given that currently nearly half of the population settles in cities, the effects on the 
environment—both positive and negative—are inevitable. Immigration of people to 
towns has influenced consumption patterns, travel behaviours and urban economic 
performance, with a resultant considerable impact on the environment, especially in the 
consumption of resources and the discharge and management of waste (Wheeler and 
Beatley, 2009) concur with the above observation by asserting that urbanisation has 
affected the environment in many ways, including pollution and contamination of water, 
air and soil. Additionally, (Wheeler and Beatley, 2009) blame urbanisation for the rise in 
noise pollution, as well as ineffective waste management. However, they further suggest 
that the above mentioned impacts of urbanisation are traditional, and that new impacts 
related to ecology and biodiversity have taken centre stage. In that regard, (Ron Vreeker 
et al., 2011) assert that urban areas have impacted in various ways on the development 
of green areas and ecological diversity, especially in the face of increased demand for 
land for construction. 
 
An objective global assessment of the situation concerning urban growth paints a grim 
picture, especially on environmental and sustainable development aspects. According to 
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Guo (2001) and Panos (2001) (as quoted by (Ron Vreeker et al., 2011)), less than 35 per 
cent of cities in the developing world have access to treated water. The statistics also 
assert that between one-third and one-half of solid waste generated in most developing 
country cities are collected. Additionally, the statistics state that only 49 per cent of 
cities in the world have an urban environmental plan in place. It is possible that the 
world’s cities, especially those of developing countries, suffer from acute neglect 
resulting in deteriorating environmental and living conditions. The above statistics 
indicate that only slightly less than half of cities have an urban environmental plan. This 
underscores the importance of establishing a comprehensive environmental urban 
strategy that can address the challenges faced by these cities, while promoting 
sustainable development. 
2.5.5 Importance of Establishing a Coherent Environmental 
Strategy 
 
The World Bank concedes that it is necessary to focus on environmental issues in 
developing cities (Suzuki et al., 2010). Significantly, issue of climate change and its 
impact on such cities is singled out.  According to the World Bank, it is prudent to 
develop strategies that emphasise retooling approaches to management of the urban 
environment.  A coherent environmental urban strategy will help in better management 
of cities in their quest to promote sustainable development in the built environment. 
(Hoffman, 2000) highlighted five areas that could benefit from a comprehensive urban 
environment strategy. Integration of the five areas into a city’s environmental strategy 
will ensure better management of its urban environment for the benefit of its population. 
The following paragraphs elaborate the importance of this urban strategy. 
 
A comprehensive strategy will ensure provision of better urban household and work-
place environments through availability of better quality housing, affordable 
environmentally friendly fuel and adequate water, sanitation and waste disposal 
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facilities (Hoffman, 2000).  Additionally, the strategy will cover the provision of 
occupational health services, safety from biological pathogens and chemical pollutants, 
as well as protection from physical hazards and noise pollution. 
 
An effective city strategy will be necessary to contain structural sustainability 
challenges, such as managing water resources, noise, air pollution, traffic and 
management of solid waste.  The strategy will also prove important in maintaining 
ecosystems by providing guidelines on the best way possible to conduct sustainable use 
of freshwater resources, watershed management, expansion of the city and effective 
management of solid, liquid and air wastes.  A comprehensive strategy will be necessary 
for a city’s disaster management preparedness. Such a strategy becomes crucial during 
natural calamities. 
 
Finally, a comprehensive strategy is important in helping cities to face global 
challenges, especially managing resource availability, maintenance of the ecosystem and 
greenhouse gas emissions. Development and implementation of an effective 
environmental strategy is important to a city’s effective management of resources and 
the environment for sustainable development. Critical to successful planning and 
implementation are environmental indicators that help paint a clear picture of the 
environmental situation. 
2.6 Conclusion 
 
Achieving sustainability in the built environment is the primary focus in planning and 
development of urban environments. Despite the impetus created from increasing 
pollution and dwindling resources in urban centres and the built environment, it is 
necessary to increase initiatives that will enhance the already established mechanisms 
that promote sustainable development. 
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Increasingly, sustainable development is evolving. Proponents of sustainable 
development prefer to use the term ‘sustainable human development’. To achieve the 
objectives of sustainable development, it is prudent that planners and policy developers 
make greater use of environmental indicators in decision making, as they are better 
placed to give accurate information on the status of the environment. Uniform 
achievement of sustainable development objectives will no doubt take some time. 
However, sustainable development is the most effective solution that can help in 
alleviating the environmental issues affecting cities and the built environment. 
2.7 Summary and Link 
 
This chapter has discussed the literature relevant to sustainability development, the 
environmental assessment methods applied global, and sustainability indicators. The 
chapter also reviewed sustainability indicators as integration tools linking built 
environment performance analyses to decision making, focusing on sustainable 
development and other related elements. In relation to the built environment and its 
pursuit of sustainable environmental policies, the discussion placed special emphasis on 
sustainability of the built environment. The next chapter will discuss the advantages of 
spatial data and its importance in managing urban details. 
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CHAPTER 3: LITERATURE REVIEW 
GEOGRAPHIC INFORMATION 
SYSTEMS 
 
3.1 Introduction 
 
Previous chapters have discussed sustainable development and sustainability indicators. 
This chapter will construct a theoretical proposition that GIS might be used as a 
sustainable built environment decision system tool. Spatial indicators are a powerful tool 
in estimating, planning and enhancing the quality of the current and future needs of a 
city (Demers, 2009). GIS, through its spatial analysis methods, can integrate sustainable 
development indicators to support detailed analysis of urban development. 
 
A spatial system offers valuable information that can enable decision makers, architects 
and planners to assess existing environmental conditions. The information obtained is 
used in formulating proper policy on development (Rivera, 2009). Wang et al. (2009) 
point out the rise in using GIS in urban planning exercises (Wang et al., 2009b). 
Consequently, decision makers are able to balance social, economic and environmental 
concerns. Local governments must factor their decisions according to the requirements 
of many different groups.  Parkinson and Mark (2005) note that without proper use of 
appropriate technology like GIS, decisions made may not be able to fully address the 
demands of a given community. 
 
Longley et al. (2005) defined GIS as “A special class of information systems that keep 
track not only of events, activities and things, but also of where these events, activities 
and things happen or exist".   GIS is commonly used manage urban information, given 
its ability to gather information from different data sources (Alsalmi and Abdulmuttalib, 
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2012).  The system can also obtain relevant information across different data bases. 
Modern models of GIS use digital data to process the desired information.  In addition, 
the creation of numerous methods of planning is entirely digitised (Nyerges and 
Jankowski, 2010).  GIS makes use of both time and space to relate variables.  It is 
against this background that this chapter explores the use of spatial data in a decision 
making method that is much needed in constructing sustainable built environments. This 
chapter also demonstrates the benefits of GIS and the role it plays in the management of 
urban information. 
 
This chapter incorporates a literature review to discuss the broader context of spatial 
analysis.  The discussion establishes the basis for this study in identifying the effective 
use of spatial analysis in sustainable built environmental decision making. Moreover, 
explores the importance of spatial analysis and its support systems. The chapter also 
discusses GIS as a major integration tool that links urban analysis to decision making. 
Furthermore, demonstrates the benefits of GIS in supporting decision making, and the 
role it plays in the management of built environment information. 
3.2 Importance of Analysing Spatial City Sustainability 
Factors 
 
Various studies indicate that a significant number of spatial problems are complex 
(Nour, 2011, Krichen et al., 2014, Ling et al., 2012, Horeni et al., 2014). According to 
Coelho et al. (2012), such problems require the use of complex systems. A separate 
study by Al-Khatib et al. (2010) found that complex systems often make use of 
integrated spatial analysis tools and models to create ecological connectivity between 
different regions of a country (Al-Khatib et al., 2010). Environmental indicators and 
other forms of spatial data can be generated to provide data for decision making (Ferretti 
and Pomarico, 2013).   
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The prioritisation scheme of what to develop, and where such developments take place, 
is based on the weights suggested in the previous paragraph. Palmas (2012) uses her 
study to point out that the weights are often tuned to reduce long term development 
goals. Schädle (2013) uses  the prioritisation scheme  to provide information about 
assessment of 23 sustainability indicators within brownfield area, close to Potsdam city 
in Germany. The model provides a view of the whole area and the relevant sustainability 
approach to develop it in both the long term and short term (Schädler et al., 2013). The 
plan shows the patterns of development and consists of the contiguous arrangement of 
different features within the city. In addition, it provides information about the best 
approach to organise different features, such as pedestrian access, open spaces, 
woodland and other areas that are considered limitations and potential areas of long term 
urban sustainability development. 
 
The analysis of spatial data acts as a precursor to sustainable development patterns 
within the city. For instance, collected data can outline the details, touching on the 
distance between residential units.  According to Zhang and Wang (2014), such data 
provide information about the intersections of roads and other commercial plots. The 
entire system provides information for decision making based on the use of different 
models. 
 
The planning and decision making elements of urban development depend on the use of 
GIS and MCDA applications. The decision making framework provides the capability to 
develop continuous elements for decision making, based on different ecological factors. 
Here, the need for sustainable development in cities is emphasised by the use of an 
ecological network to ensure that critical ecological areas within the city are preserved. 
The difference between protected and unprotected areas is clearly presented in the 
ecological map, which is developed using spatial data (Jankowski et al., 2014). 
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3.3 Spatial Analysis Support Systems 
 
Spatial decision support systems are a crucial part of GIS. These have been used widely 
in agriculture, resource management, transportation and healthcare (Jankowski et al., 
2014). The underlying rationale is to provide the ability to use spatial data, which 
focuses on the use of topological spatial relationships, for decision making. In this 
regard, a spatial support decision system provides solutions to spatial problems at the 
operational level (Jankowski et al., 2014, Bualhamam, 2009). 
 
The applications use multiple criteria to evaluate the problems and find solutions based 
on the spatial optimisation approach. The use of Boolean combinations to query the GIS 
application could provide location specific information. However, the software provides 
additional criteria for establishing the accuracy of information about a certain location. 
According to Carsjens and Ligtenberg (2007), the system realises this goal by 
discriminating among different locations to provide accurate information about the 
required location. The application uses multi-objective optimisation and genetic 
algorithms. 
 
Wang (2014) points out that the algorithms provide information about facility locations 
to generate spatial solutions by relying on lexicographic methods and goal programming 
techniques. The application uses an algorithm based on linear programming components 
to solve spatial optimisation problems. The approach uses linear programming solutions 
and fuzzy logic rules, and the objective’s function is to analyse data in the data store of 
the application, to generate solutions to the problems. 
 
The next approach is to use an exploratory approach to solve spatial optimisation 
problems by using ‘what-if?’ capabilities inherent in the system. The capability of the 
software is based on the use of interactive analysis approaches and yields a number of 
Pareto-optimal solutions (Jankowski et al., 2014). The model parameters are used to 
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provide the required solutions. The problem solving approach first uses mathematical 
optimisation techniques, which differ significantly from the Pareto-optimal solutions, 
and provide non-Pareto-optimal solutions (Ryan et al. 2012). The overall picture is to 
provide accurate information on the location of a specific object in a given area. 
 
The GIS system is essential to the generation of non-denominated solutions. According 
to Schadler et al. (2013), the application uses a genetic sorting algorithm, which is based 
on the probability of mutations and crossovers. The non-denominated solutions are 
characterised by the spatial diversity of the population. Once adapted into the GIS, the 
system generates a wide range of solutions (Jankowski, Fraley and Pebesma 2014). The 
solutions to the spatial problems vary according to the metric values of the solutions, 
which are based on different mathematical calculations. Towards this end, global 
measures can be used to define the location of a point on land, based on the spatial 
structure of the elements of the population, which provide the required solutions. 
 
The Spatial Analysis and Decision Assistance (SADA) is another analysis criteria that 
allows urban planners to make appropriate decisions on environmentally sustainable 
projects. The application has widely been used in making environmental remediation 
using different modules integrated into one (Ozturk and Batuk, 2011). The capabilities 
of the software are realised by providing the visualisation component using spatial data 
analysis algorithms. The application provides the environmental modelling and site 
assessment capacities using the environmental assessment toolkit (Gang et al., 2012). In 
addition, the software provides an interactive face, which allows the user to navigate 
through the entire application with much ease. The sample design framework is shown 
in  Figure  3-1 below. 
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Figure  3-1 The primary components of the graphical user interface 
Source: (Stewart and Purucker, 2011) 
Figure  3-1 provides navigational capabilities, by enabling the user to easily enter data 
into the system after collection. The system allows the application to run samples of the 
test data to provide an output in graphical form. This can then be used to make 
analytical decisions. When using the system, the sample data used to run the program 
must be pre-processed and modified to enable the system to handle large amounts of 
data. The system has important capabilities, like the ability to provide gridded data 
(Nour, 2011). Such data are in an appropriate format that can be used in GIS. In 
addition, the application has additional functionalities, which include the ability to 
import two dimensional and three dimensional data formats. Other formats that can be 
imported include the data exchange format, photographic images and shape files (.shp) 
files. 
There are a number of advantages associated with SADA. For instance, the study by 
Stewart and Purucker (2011) found that SADA is able to set up sites of interest using the 
software. In a separate study, SADA was found to have the ability to provide accurate 
descriptions of the site, including the horizontal and vertical boundaries of different 
layers of land. SADA is also helpful in the provision of spatial correlation capabilities. 
The system is also essential in integrating standard tools (Schädler et al., 2013). Some of 
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the tools include standard semi-variogram plots, standard correlation models, variogram 
maps, and various other data management and analysis tools. 
GIS provides spatial correlation solutions, because of the autocorrelation component, to 
implement geospatial models.  Schadler et al. (2013) emphasise that SADA provides the 
ability to conduct an assessment of spatial data using deterministic methods. The 
methods are essential in generating the actual estimate of a single point. The application 
supports the use of deterministic methods to build geo-statistical models. Schadler et al. 
(2013) found that such models provide the ability to estimate the distribution function of 
each node in an area being mapped. The application has the capabilities, which includes 
modules drawing representative values to use for mapping purposes (Jankowski et al., 
2014). 
SADA also provides the (GIS) application with the ability to conduct statistical analysis 
and assess the risk associated with user generated decision making criteria. Towards this 
end, sufficient data have to be made available to ensure the site to be investigated is 
represented adequately (Jankowski et al., 2014). When sufficient data are made 
available, it becomes easy to create a correlation structure, or an estimate to create a 
meaningful model. 
 
 
 
 
 
 
 
 
 
 
Figure  3-2 The data processing model 
Source: (Stewart and Purucker, 2011) 
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Figure  3-2 shows the decision tree, which is one of the components that provide spatial 
interpolation capabilities. The decision tree spans simple waiting schemes and the 
appropriate implementation of the variograms for simulation purposes. In the context of 
the above simulation figure, the option of what to do, and alternative solutions, are 
shown. Another example of the spatial decisions applications is seen in the reallocation 
of land in Turkey (Uyan, M., et al., 2013). The underlying model for solving spatial 
problems related to the reallocation of land was based on the use of a spatial decision 
support system (SDSS). 
3.4 Geographic Information Systems as a Technology Tool 
to Assist in Consolidated Practice 
 
The use of GIS in decision making is made possible because the system uses appropriate 
hardware and software. According to Nyerges and Jankowski (2010), the hardware and 
software have data-capturing capabilities to manage, analyse and precisely display the 
captured geographical information. 
The systems are defined by statistical data analysis and management modules, three 
dimensional spatial visualisation capabilities, and risk assessment capabilities to provide 
effective data analysis capabilities for decision making (Ferretti and Pomarico, 2013). 
The entire process is aggregated into a decision support system (DSS), which underpins 
the performance of the GIS. 
 
Relevant data must be captured to enable the software to use its capabilities to analyse 
the data, and generate relevant data in graphical form for decision making. The GIS 
system consists of software modules with decision making capabilities, which have 
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interactive capabilities. Ferretti and Pomarcio (2013) point out that the right decisions 
can be made to solve spatial problems, which are based on decisions arrived at by using 
a large number of data, with a large number of alternatives. 
 
GIS provides the basis for solving spatial problems that are complex and demand 
detailed analysis. Rivera (2009) suggests that detailed analysis is essential in urban 
planning as it helps avoid the use of poorly defined and semi-structured data. As already 
mentioned, GIS can be used to solve spatial problems. Rivera (2009) notes that by using 
the spatial data, which have been identified and localised with specialised attributes, 
such problems can be avoided. The attributes make the spatial solutions easy, because 
they define the type and characteristics of the inputs, and are able to provide solutions to 
the current state using different layers. In addition, the output is in chart, maps and layer 
form, and the application can be used to provide analytical data for future use (Ferretti 
and Pomarico, 2013). 
 
The use of GIS has led to the creation and development of different partnerships, among 
different stakeholders. According to Nyerges and Jankowski (2010), the applicability of 
GIS is evident in a number of commercial partnerships with different companies, such 
as Google and ESRI. Essentially, the companies bring on board other technologies that 
have been integrated with GIS to enhance collaboration between different stakeholders. 
In addition, the companies have made various acquisitions, including the Open 
Geospatial Consortium, which have provided open public-private partnerships. This has 
more than 400 members all over the world. In addition, global forums for collaboration 
have been established, which provide the platform for discussion on the use of 
geospatial data. It has become possible to provide free geospatial data services based on 
openly available standards for sharing geospatial data. 
3.5 Development of Geographical Information Systems 
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The discussion suggests that GIS is a crucial technological tool that is usually used to 
manage and comprehend geographical information. According to Longley (2005), the 
information allows stakeholders to make intelligent decisions. Conventionally, the 
definition of the GIS is that it: ‘integrates hardware, software, and data for capturing, 
managing, analysing, and displaying all forms of geographically referenced information’ 
(esri, 2011). 
 
GIS systems evaluate and compare performances of policies that have been adopted and 
are already being implemented. They use both citizen-based and planner-based 
indicators (Roo and Miller, 2004), such as employment, land use, natural resources and 
various necessary services. In decision making, a GIS platform has the chief objective of 
uniting efforts towards the achievement of the set visions in society. Once policies have 
been successfully formulated, potential stake holders are called upon to work together as 
a common collaborating team. 
 
Organisations are given the opportunity to come up with alternative developments. This 
occurs automatically when the initial plans are tested. It is normally a quick and efficient 
process that involves the determination of impacts that entail future utilisation of 
resources (Wyatt and Ralphs, 2003). Employment trends and patterns are evaluated 
according to the information available in a given GIS platform. Public officials get a 
chance to make quality and informed decisions. 
 
There are rapid changes in economic development that complicate planning, thereby 
threatening the balanced use of available resources. It is important to understand various 
areas of jurisdiction so that local authorities may be adequately planned. Understanding 
various jurisdictions allows stakeholders to adhere to budgets as they continue offering 
reliable levels of services. In this regard, GIS are crucial in equipping governments with 
a wide scope of ideas to manage the environment. Research shows that the use of GIS 
technology ensures traditional activities are conducted more efficiently (Nyerges and 
Jankowski, 2010). Tasks that were considered impossible or impractical can be 
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accomplished more effectively if decisions are made through the employment of 
informational systems. 
 
The literature review reveals that GIS are important in several ways. It should be 
understood that they have an important role in giving descriptions of information 
(Longley, 2005). Information banks stored in these applications assist in studying 
situations. After a condition is described, it is possible to come up with a variety of ideas 
that are turned into action plans. Nyerges and Jankowski (2010) point out that reliable 
descriptions acquired from GISs have been a useful tool for decision making. 
 
GIS are built in such a way that it is possible for them to play a cognitive role. Stewart 
and Purucker (2011), argue that the cognitive role of GIS is realised by their ability to 
provide a deeper understanding of regional and urban settings. They provide variables 
that are analysed using statistical techniques to model reliable solutions. It is worth 
noting that these specialised systems are the basis for many fascinating structural plans 
seen in the contemporary world. Credit should be given to organisations that have been 
using GIS. Planners should make more attempts at coming up with additional models of 
GIS to cater for the highly dynamic urban environment of this era. 
 
GIS play a normative role with respect to urban planning. Longley (2005) notes that GIS 
is a standard with the effect of improving actions through a reduction of the general cost 
involved in action. Prior to the commencement of development activities, GIS provided 
a prediction of the expected consequences (Zhang et al., 2013). This eliminated the 
uncertainties that come with a project about to be undertaken. In a season of numerous 
changes, it is important to increase efficiency through the implementation of innovative 
technologies. Roo and Miller (2004) recommend that urban systems should not be 
treated with insubstantial concepts. In this regard, GIS should be applied to include 
social, economic and political variables. 
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GIS is a tool that can be used in the creation of information data banks. According to 
Schadler et al. (2013) using GIS allows urban planners to visualise information 
according to themes. Thematic visualisation of information is essential, based on the 
following reasons: 
a) It enhances the determination of locations for settlements 
b) It eases the calculation of the proximity of structures 
c) It provides a determinant scale of the life lived in an urban area. 
Decisions that are developed into policies should use applications of GIS in nearly all 
areas. Through the improved visualisation enabled by this technology, it becomes easier 
to do effective and more participative planning (Martínez, 2009). The way individuals 
are affected by basic infrastructure is adequately evaluated. It becomes easier to make 
decisions. It is important to understand that GIS are adequate tools for assessing and 
treating urban information. The designing of public urban projects becomes more 
effective if this tool for decision making is used as a construction instrument. 
 
According to Martínez (2009), monitoring and managing information related to land 
used in urban areas is an integral practice that facilitates regional planning. In this case, 
GIS helps devise strategic plans and policies that are crucial in urban management. Li 
and Yeh (2000) explain that GIS has numerous roles in managing urban information. 
Notably, GIS acts as a support tool in the planning and institutionalisation of 
environmental structures (Dai et al., 2001). Therefore, it is able to foster decision 
making for sustainable environmental management. 
The remaining section of this chapter will examine the overall capabilities of GIS in 
urban information management. Moreover, it intends to answer the question about 
whether GIS can be used to monitor, predict and record environmental sustainability. 
Additionally, the chapter will demonstrate how GIS can be used as an integration tool 
for urban data analysis and decision making. In this case, the research hypothesis to be 
used entails assessing how GIS can be used as a sustainable tool in making 
environmental decisions using relevant indicators from the environment. 
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Numerous studies indicate that GIS can be used to organise geographical information in 
a given area. Based on that argument, GIS is a crucial tool in generating numerous 
forms of data from different sources. According to Pettit (2005), the multiple 
generations of data is essential in facilitating planning and policing processes of urban 
development. Essentially, GIS facilitates organisation of information obtained from a 
given locality and also generates it into a body of knowledge (Pettit, 2005). From a 
careful review of history, research has shown that GIS has been applied to collect 
geographical data in urban areas and convert it into maps for spatial analysis of the 
information and in support of decision making. 
 
In addition to this, this technology makes data available for analysis. In most cases, 
government departments use this information to develop and effectively plan in urban 
set ups. Needless to say, Li and Yeh, (2000) assert that GIS converts raw information 
into data sets or packages for easier storage. Moreover, information filed in data sets or 
maps can be used by business vendors, architects and government agencies to 
understand more about urban sites. (Martínez, 2009) notes that GIS is also able to 
identify and record urban information such as latitudes, longitudes and other coordinates 
in the most effective way. Once this information has been stored, users can derive it for 
use during a journey. Due to technological advancements, GIS have developed 
computer generated interactive maps . Therefore, urban dwellers and map users can scan 
the maps through computers, which eventually enables them to locate any direction 
within the urban settlement (Pettit, 2005). Notably, computerised information is very 
clear and comprehensive, such that one can locate distinct features like roads, airports, 
parks and other important features from the internet. 
 
Besides this, Kington (2009) notes that GIS can be used to combine information and 
analyse it into numerous layers, depending on the various locations that comprise urban 
settings (Kington, 2009). Needless to say, GIS are also used for verification purposes to 
ensure the accuracy of collected data. Here, this technology ensures accurate data 
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analysis, recording and presentation strategies. Scholz and Yongmei (2014) point out 
that the technology has proved very useful in visualising data. Moreover, it facilitates 
spatial analysis and modelling of information to enhance urban planning (Scholz and 
Yongmei, 2014). GIS not only store environmental data, but also socio-economic and 
other information related to planning applications (Masser, 2001). Planners and decision 
makers have benefited from data queries that are made through GIS, and this makes it 
easy to execute plans in urban environments. It is important to note that information 
management in urban environments is a complicated task and ensures that the roles of 
GIS vary from one urban centre to another (Li and Yeh, 2000). 
 
GIS is able to store and manage data using numerous models, depending on the standard 
function and type. Needless to say, GIS is able to manage abstract and non-abstract 
information through unique strategies for easier retrieval. For instance, some data are 
not theoretical and hence are stored as graphics and spread sheets. 
3.6 Geographic Information System Capabilities and 
Benefits 
 
Using GIS has numerous proven benefits. Bhatta (2010) outlines the numerous benefits 
accrued from the application of GIS-aided decisions. These include time saving 
processes, as all data are stored in one database, along with integration of several users 
operational applications in different areas (Bhatta, 2010). In planning management 
processes it is important to engage the public in planning decisions. GIS are made valid 
through the improved involvement of the public in the procedure of decision making 
(Nyerges and Jankowski, 2010). Parkinson and Mark (2005) note that these systems 
have in built response halls that gather public opinion. All agencies participating in 
urban activities that influence communities are given a chance to collaborate. Their 
collaboration results in the creation of sustainable development. Collaboration of 
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individuals and such agencies increases the contacts made with government policy 
makers. It becomes possible to make decisions without great financial resources. 
Similarly, Bhatta (2010) notes that urban planning is the fabric on which societies 
survive. He adds that residential, rural, towns and city areas cannot be run well if 
planning is not managed appropriately (Bhatta, 2010).   Many challenges, such as traffic 
and pollution, will be solved accordingly if technology is used to make analyses before 
decisions are implemented. The truth is that traditional ways of analysing urban 
information have failed in formulating viable and reliable decisions that are able to 
become solutions to both present and future problems; it is noteworthy that GIS have 
automated tasks. These help in doing away with the tedious methods of gathering 
information. On top of this, these systems give hints to decision makers. They help them 
to formulate decisions from an informed foundation. This is a trustworthy method of 
devising policies that are expected to have a global impact on individuals and 
businesses. Money is saved when the process of decision making is computerised. The 
computerisation of decision making not only helps in saving financial resources, but 
also in improving accuracy in the process of making sustainable urban environments. 
 
Due to the application of GIS, decision making becomes simple. Research has shown 
that it becomes possible to move towards the creation of ideal societies, which have 
been the visions of human communities (Roo and Miller, 2004, Jankowski et al., 2014, 
Uyan et al., 2013, Issa and Shehhi, 2012). This system yields regulations that support 
the accomplishment of urban planning goals in a complex reality caused by the 
constantly changing set up of societies. Professionals in this field employ these systems 
to devise technical methods of converting thoughts into executable plans of action. GIS 
places citizens in positions from which they can easily comply with state regulations. In 
summary, thousands of governmental and private agencies that have embraced GIS tools 
have been able to find solutions to the problems of built up areas. (Wyatt and Ralphs, 
2003). 
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GIS technology is used to conduct reviews on environmental projects (Longley, 2005). 
This is normally done as an analytic review of developmental activities for compliance. 
It is important to calculate the overall impact expected for the communities that are 
closer to redevelopment sites. GIS web services are used to create a smooth flow of 
national economic planning: they are the tools used to coordinate such initiatives. 
Decisions of change initiatives rely greatly on information stores found in GIS. 
 
GIS help in building an honest public reputation for the various departments of 
planning. Since they are well equipped, members of these departments are able to make 
highly responsive decisions. This is important in environmentally sensitive areas. 
Demers gives a partial solution to delays when he proposes GIS for information 
retrieval. GIS allows quick access to information from parcel mappings. It is easier to 
make decisions when zones have already been designated and the status of permits are 
known. 
 
These systems are also used to prepare long term plans of action. In setting legally 
acceptable standards, officials use facts about communities as provided by the system in 
place. Long range transitions about environments are made with accurate studies of 
physical environments. The use of GIS propels the incorporation of community input in 
development (Longley, 2005). This is possible through creating a vision of improving 
the lives of citizens. Monitoring progress towards goals, formulating solutions and 
analysing challenges becomes more effective if GIS tools are used. 
 
Faust (1995) comments that there are many benefits and capabilities derived from GIS. 
For instance, the tool improves mapping, and this provides good access to maps and 
major sites. Therefore, it is arguable that GIS facilitate effective thematic mapping, 
which ensures planners and architects can conduct crucial activities in urban areas with 
ease. Additionally, GIS allows efficient recovery of information (Sudhira et al., 2004). 
Moreover, it facilitates extensive access of geographical data for planning purposes. 
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For instance, research has revealed that this is the most appropriate technology for 
collecting, validating and converting data into knowledge. Moreover, the information 
provided is more efficient and can be kept secure for as long as it is needed. In this case, 
the technology decimates bias and limitations that are elicited through other methods, 
such as using manual methodologies. Carsjen and Ligtenberg (2007) argue that one of 
the capabilities of GIS is that they are very flexible, as data can be stored and presented 
in numerous models. Moreover, GIS can store data from multiple sources in datasets, 
hence eliminating the bulkiness that occurs due to large volume of paper. 
 
GIS are flexible and hence can be used with other methodologies. This is one reason 
why it has been regarded as an evolving technique in urban analysis. These models 
include qualitative and quantitative analysis, bearing in mind that this allows discovery 
of numerous planning activities, and more comprehensive data that can be put into 
productive use. Sieber (2006) is quite categorical that GIS technology gives room for 
comparison of special facts about a site, a factor that eradicates potential statistical and 
index conflicts. Therefore, a collaborative approach enables correlation of different 
forms of data that could influence existing management patterns and consequently boost 
environment sustainability. 
3.7 The Role of Geographic Information Systems in Urban 
Information Management 
 
Carsjen and Ligtenberg (2007) note that GIS converts data into knowledge in numerous 
disciplines, such as archaeology and geology. In this case, it helps to identify 
environmental areas that are more sensitive and have a high chance of being degraded. It 
helps respective agencies develop policies and decisions that can be implemented to 
ensure sustainability in such areas. Needless to say, information provided during 
planning is scrutinised and effective guidelines are offered to ensure that appropriate 
developments are made to protect vulnerable sites. Besides this, Wang (2014) confirms 
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that through GIS, information can be disseminated into the internet and consequently 
facilitate decision making and regulatory processes. 
 
Moreover, with GIS technology at hand, it is easy for agencies and departments to come 
up with preventive measures and procedures to follow in their development activities, 
and this boosts environmental sustainability. According to Zhang et al. (2013), GIS is 
commonly used as a predictive tool to determine usage and planning in urban. Initially, 
the technology was used to describe the geography and other functions of a given 
geographical region. One could then make an analysis in regard to a given region 
depending on the descriptions given; in this study, government agents, architectures and 
planners are likely to predict forthcoming problems in an area. 
 
In this study, GIS can be used to predict environmental sustainability by demonstrating 
the strength and future problems of a given location. That notwithstanding, Li and Yeh, 
(2002) note that GIS incorporate graphical presentations of an area, spatial analysis and 
capabilities. This information is crucial in planning and monitoring the area to ensure 
that activities carried out do not interfere with the environment.  Sudhira et al.(2014)  
argue that successful monitoring of environmental sustainability needs an appropriate 
support system that will enhance proper decision making. Figure  3-3 shows the role GIS 
can play in urban information management. 
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Figure  3-3  GIS role in urban management 
Source: (Xiuwan, 2002) 
3.8 Requirements for Good Geographic Information 
Systems 
 
An effective GIS must offer the technical capability to develop accurate decisions using 
different types of modules for decision making, based on spatial analytic techniques. 
The system should be able to facilitate spatial autocorrelation of data. In such a facility, 
location is used as the key index variable. GIS should have the capability to spatially 
locate and relate data to different objects and provide detailed location of the objects. 
Good GIS software must be capable of integrating different spatial data and presenting it 
into visualised information. The system should have the flexibility to build communities 
to share the geospatial data, for the express purpose of developing geospatial 
applications (Halbich and Vostrovský, 2011). However, to get a good spatial analysis, 
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one must first verify data quality. Data representation in GIS provides a simplified 
method of representing features of the earth in digital form. The organisation of data in a 
GIS container can be as spatial objects or thematic layers (Halbich and Vostrovský 
2011). There are different types of geospatial data, which include vector data and Rasta 
data. The geospatial data model is defined by a spatial component, which provides 
detailed information about the distribution of certain features. The features can be land 
demarcations or other natural features. The GIS application should allow data to be 
represented in the form of fixed representations, use of geometrical objects, which 
includes natural features that use coordinates. The technique allows the use of the vector 
data model (Halbich and Vostrovský, 2011). 
 
The Raster data model allows users to include the grid points, which are represented in a 
continuous matrix of values, providing detailed information about the temperature, 
chemical concentration, and other chemical and physical features in the area being 
mapped (Ferretti and Pomarico, 2013). A good GIS system must allow for the 
representation of images in the form of scanned maps, satellite images, and converted 
vector maps, using the grid points in the system. In addition, a GIS tool helps to achieve 
the representation of data in the form of vectors using the vector data model. Typically, 
they constitute arc nodes, which do not form intersections at any points within the area 
that has been marked. Typically, the entire system of arcs, segments and centroid points 
provides good coordinate information that describes the data topology and the position 
of objects relative to the ground. 
 
GIS software should support the data model transformations, which occur between the 
Rasta and vector models, among other models for mapping out different features. It 
should also support the two and three dimensions of data. The system should allow for 
the projection of geospatial data to a flat, or two dimensional, surface. 
 
GIS is a tool with the flexibility to be implemented as a multipurpose system in different 
forms, such as providing the features of a subsystem of a larger software package to 
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handle geospatial data. GIS is geo-statistical analysis software for hydrologic modelling. 
GIS allows for the integration of data from different sources. However, the availability 
of accurate data and quality assurance play an important role in supporting GIS 
reliability and success. Weak data can lead to defects in the system; a GIS system needs 
reliable and accurate data to achieve its goals. In order to ensure that quality data are fed 
into the system, it is crucial to have quality assurance in place (esri, 2011). 
 
Secondly, a good GIS analysis needs strong and detailed statistics. GIS supports 
different features that make it appropriate for use in the analysis of spatial data. GIS 
supports the capabilities to analyse spatial data, based on use of the statistical features 
inherent in the software. The data to be analysed are classified into event or point 
patterns, which are defined by point processes and include crime scenes in an urban 
setting and contiguous surfaces, which describes ecological, topographical and 
geological data. In addition, the areas with aggregate rates—which are associated with 
population surveys, health statistics, and census surveys—constitute the type of data 
used to provide evidence for the prevalence of certain features in certain locations 
(Ferretti and Pomarico, 2013). To develop a coherent GIS DSS, strong statistics are 
needed. Alack of detailed statistics might affect the final GIS results, but the strength of 
the program lies in its ability to easily modify variables; once more data are available, 
then only the parameters will be modified. 
 
Finally, a good spatial analyst needs practice in using GIS software. Research has shown 
that spatial analysis and GIS have been widely used in different areas. This includes 
urban and regional sustainability. Practice in using GIS software is a challenge; training 
to understand and manage the system is an important factor to get good spatial analysis, 
even though the tool is relatively easy to use.  Longley et al. (2001) have argued that 
GIS requires a lot of training for competent work. However, the best practice of using 
GIS includes commitment to long term use, based on comprehensive needs assessment 
information. 
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3.9 GIS to Support  Decision Making in Sustainable 
Development 
 
GIS is a major integration tool that links urban analysis to decision making, in order to 
foster sustainable development in urban areas. One of the ways in which this integration 
occurs is by combining the tool with other methodologies to assess the environment, and 
determine appropriate techniques, with the aim of ensuring sustainability. GIS 
collaborates with other research methodologies that enable it to develop a spatial 
database of environmental and social activities in a given location (Carsjens and 
Ligtenberg, 2007, Bualhamam, 2009). Consequently, the information derived enables 
decision makers to analyse the sustainability of cities. From the analysis, they make 
decisions that act as alternatives to control, monitor and enhance environmental 
sustainability in built up areas. Notably, the decisions made comprise policies and 
procedures that are to be implemented, to protect and manage the environment. It is 
worth emphasising that analysis made through GIS triggers the act of making decisions, 
and this means the technology should be regarded as an integration tool. The role of GIS 
to help make the right decision at the right time is shown in Figure  3-4. 
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Figure  3-4 GIS decision support system 
Source: (ADM, 2013)  
GIS can be applied in several processes to support the decision making for sustainable 
decision making and foster easy coordination of activities.  Researches by 
(Abdulrahman, 2014, Banai, 2005, Kang-Li Wu et al., 2014) show that the use of GIS 
provides a wide range of solutions to manage the problems encountered by decision 
makers in different areas of land, urban sprawl and landscape patterns. 
Environmental sustainability indicators and other forms of spatial data can be generated 
to provide data for decision making (Ferretti and Pomarico, 2013). According to Ferretti 
and Pomarico (2013), quantitative data are required to support efficient planning. The 
data help ensure effective mapping of multi-habitats and other important areas. In this 
regard, spatial data provide solutions for semi-structured spatial problems using 
different techniques, which are integrated into the GIS system; GIS then uses multi-
criteria decision aiding (MCDA) techniques (Nyerges and Jankowski, 2009). 
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Data mapping provides solutions to problems experienced in urban areas. In most cases, 
urban areas tend to experience a surge in development.   According to Jankowski, Fraley 
and Pebesma (2014), urban areas are characterised by poor suburban development 
processes. In this regard, Faust (1995) found that there is a need for pressure on local 
authorities to provide better urban designs. Thus, the rationale for the use of GIS 
emerges. According to Jankowski, Fraley and Pebesma (2014), most local authorities 
are unable to oversee proper urban planning, given the lack of a proper GIS. 
 
As previously mentioned, GIS is responsible for spatial data, which are vital to urban 
planning and development. The spatial data are needed for long range growth plans for 
urban sustainable development and related projects (Ruiz et al., 2012). The data are used 
to develop better quality plans for effective city development and management plans. 
Government uses geospatial data to anticipate the future growth of cities and to regulate 
land use to preserve certain features of the land. The data collected enable governments 
to develop a reliable and effective future development plan for a given area (Ruiz et al., 
2012). 
 
Spatial data analysis provides solutions for built environment sustainability challenges. 
In a study by Rao (2000), spatial data was found to be important in the following roles: 
a) Integrating the aspects of zoning 
b) Site specifications 
c) Infill management components. 
The infill management components are used to develop site specification management 
plans. The Organisation for Economic Cooperation and Development (OECD) (2010) 
states that spatial analysis helps in achieving an effective city planning agenda by 
relying on the infill components. 
 
GIS is also important in the provision of data for spatial micro level planning. Micro 
level planning is essential for the development of urban areas (Kwan and Lee, 2005). 
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Spatial data provides governments and urban development authorities with multiple 
criteria for evaluating mapping activities and multiple evaluation criteria for the 
graphical representation of data for analytical purposes (Ruiz et al., 2012). Spatial data 
provide information about sustainable development by focusing on the use of scores of 
the land development concept plans, to mark and develop the city plan (Banai, 2005). 
 
Spatial data can be used with certain models that incorporate the definition of 
sustainable development. Development is the managed process of change designed to 
improve the conditions of members of a society. Development must ensure the survival 
of future generations by not compromising the ability their ability to meet their own 
needs. Sustainable development balances the exploitation of resources, the direction of 
investments and the advancement of technology in a manner that affords the same 
opportunity to future generations. The sustainable exploitation of resources requires data 
to be available, current, reliable and usable at the appropriate level. The data should 
indicate the quality, quantity and spatial location of the various resources and the size 
and spatial distribution of the population who depend on these resources. Spatial data is 
data with a direct or indirect geographic reference to the surface of the earth. Spatial 
data about the environment comes from a myriad of sources and in different formats. 
Meaningful combination of spatial data from one or more different sources using a 
common reference system creates spatial information. Spatial data and information has 
strategic importance to decision-makers at all levels since more that 80% of all 
information in society has a spatial reference. The hard part of taking advantage of this  
flood of geo-spatial information is turning raw data into understandable information (Al  
Gore, 1998). Technological innovations such as (GIS) can now be used to integrate, 
analyse, model and visualise spatial data from different sources on the local as well as 
on the national and international level.  
 
In conclusion, GIS is an application that has been used to create value for human life 
and to address typical problems that affect human families. The solutions to human 
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problems include enabling governments to create sustainability planning for urban areas 
and cities to achieve long term planning goals (Ferretti and Pomarico, 2013). 
3.10 Conclusion 
 
To reiterate the above, it is worth noting that GIS is a form of technology that seeks to 
comprehend and analyse the information about a particular geographical site, with the 
aim of enhancing planning and management though intelligent decision making. The 
technology seeks to understand and derive knowledge in a given local environment. The 
major goal of GIS is to ensure sustainable development and management of the 
environment, especially in urban centres. This technology plays a crucial role in 
enhancing urban information management, such as conducting analysis, storage and 
presentation through computerised techniques. Moreover, information provided through 
GIS can be used to record, monitor and predict environmental sustainability. It is 
understood that this application helps in planning and managing urban structures. GIS 
acts as an integration tool by linking data analysis with decision making, in order to 
promote environmental sustainability in cities. This tool has numerous benefits and 
capabilities that facilitate planning and information management in urban environments. 
These include improved mapping, easy retrieval of information, and reduced costs of 
urban management, flexibility and minimal redundancy. 
3.11 Summary and Link 
 
This chapter has reviewed the use of spatial analysis in making decisions that are much 
needed in constructing sustainable development. The chapter has also shown the 
benefits of GIS, and the role these systems play in managing urban information. The 
next chapter will discuss the research hypothesis, the scheme and the process of this 
research. 
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CHAPTER 4: METHODOLOGY 
 
4.1 Introduction 
 
In previous chapters, the research hypothesis and theoretical framework (literature 
review) were identified. This chapter describes the research methodology used to test 
the hypothesis.  Figure  4-1 illustrates how the elements of this research work together to 
test the hypothesis. 
 
Figure  4-1: Research Element 
The study has a number of objectives.  In Chapter 1, the intentions of this study were to 
establish the parameters around sustainable development.  Courtesy of the literature 
review, an understanding of sustainable development was highlighted. Ultimately, the 
study aims at developing a set of sustainability indicators for the unique and challenging 
Abu Dhabi built environment. From the literature review, it is evident that the 
integration of spatial information will help to promote sustainability of Abu Dhabi’s 
built environment. The current chapter examines the research techniques used in the 
data collection and analysis with respect to the current study. 
 
The chapter is classified into the following sections: the research method overview, the 
method of developing sustainability indicators (this includes the use of Delphi survey to 
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validate the proposed indicators and using MCE to evaluate solutions to a decision 
problem with using another method to assign indicators weight such as AHP). The next 
section discusses the method of using spatial indicators and GIS for conducting 
sustainability assessments. 
4.2 Research Method Overview 
 
Research is a dynamic and systematic procedure, with the aim of establishing one or 
more facts. There are a number of data collection techniques.  According to Houghton et 
al. (2013), the type of research strategy, approach and technique to be employed is 
entirely dependent on the nature of a study. According to Creswell (2009), the 
establishment of an ideal research method requires an analysis of the various variables. 
In light of this, the following are some of the factors considered when developing a 
research method: 
a) Research strategies: research strategies can be classified into two main kinds: 
namely, qualitative and quantitative. A qualitative research is one that is usually 
done to investigate the causes of an event (Tracy, 2012). Qualitative research is 
achieved by collecting the opinions, suggestions and experiences of people who 
are connected to the phenomenon. In contrast, quantitative research is mainly 
based on figures, and involves the collection of data from a representative 
sample (Marlow, 2010). The information is then quantified as numbers, fractions 
or percentages. It is to be understood that, depending on the requirement, some 
researchers might need to use both strategies. In this case, qualitative research is 
done with the aim of isolating the topics to be subjected to quantitative research 
(see Table  4-1) following this are some major differences in qualitative and 
quantitative research procedures. 
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Table  4-1   Differences in qualitative and quantitative research procedures 
Features Qualitative research Quantitative research 
Purpose 
 
To achieve a qualitative 
understanding of the underlying 
reasons and motivations 
To quantify collected 
primary data and make 
simpler the results from 
the sample to the 
population of interest 
Sample size A small number of non-
representative cases need to be 
considered  
When a large number of 
non-representative cases 
need to be dealt with 
Data collection process  It needs to follow unstructured 
questionnaire to collect data  
At the same time, it must 
be structured and based 
on the content of the 
questionnaire  
Data analysis method However, it has to be non-
statistical because it is helpful for 
descriptive thesis  
This method is more 
statistical and the 
researcher has the 
opportunity to select a 
data analysis method  
Result  This method widens the primary 
understanding  
In contrast, a quantitative 
approach recommends a 
final course of action 
consisting with fields  
 
b) Research approaches: there are various approaches to research procedures. The 
following are the four main categories of research: 
i. Action research: the party conducting the research is the same one that 
would implement its findings. In this case, the researcher seeks to find 
information about an action that is already happening (Vaishnavi and 
Kuechler Jr, 2007). Its aim is to evaluate the action and establish whether 
its objectives would be achieved in the long run. 
ii. Case study: a case study is a research approach in which the researcher 
comes up with a situation that is similar to the one under investigation, then 
uses it to collect the necessary information (Ember, 2009). The situation 
may be real or hypothetical. Thereafter, the researcher uses the situation to 
imagine the decisions they would have made, should they have been in the 
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same situation (Yin, 2009). At that stage, the possible decisions are 
compiled and analysed comprehensively. 
iii. Experiment: a research approach that incorporates scientific principles, and 
is mainly done in laboratories (Lavallee, 2009). The approach is used in 
different scenarios, including making discoveries, testing hypotheses and 
proving facts that are already known. 
iv. Survey: a type of research that is done to establish the general view and 
perception of a given population of people (Denzin et al., 2008). A 
representative sample is used that characterises the complete population. In 
surveys, the respondents are given an opportunity of sharing their 
experiences and feelings about the subject in question. 
c) Research techniques for data collection: a research process is as good as the 
instruments used to gather its data (Wysocki, 2007). As such, the method used to 
collect data should be chosen very carefully. The most common technique is the 
use of interviews, which can be held directly, or through phone calls. Interviews 
are very effective, as they give the researcher an opportunity to collect a lot of 
information from a direct source (Jackson, 2011). Secondly, it is also possible to 
gather the required details by way of questionnaires. In this case, the research 
questions are written down, and then given to the respondents to answer. This is 
effective where the respondents are spread over a large geographic area, where 
interviewing would be uneconomical (Adèr and Mellenbergh, 2008). Apart from 
that, a researcher can also collect data through personal observation, as well as 
laboratory experimentation. 
The information presented above allows a researcher to select the best method, 
depending on the dynamics of their investigation. In this study, different techniques 
were used to answer the research questions. The main techniques included a literature 
review, Delphi survey, MCE and GIS analysis. 
 
The first step in the procedure is to define sustainable development from the literature 
review and evaluate the current state of Abu Dhabi Emirate’s performance. The 
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literature review helped to define the concept of sustainable development. According to 
Creswell (2009), literature reviews allow a study to establish an appropriate theoretical 
framework. In this regard, the GIS framework was found to be the most ideal, 
considering how it is impossible to evaluate city sustainability performance using an 
indicator tool and lessons learned from other cities’ practices. A framework and initial 
lists of indicators were identified from the literature review and city best practices. The 
list of pre-selected indicators were filtered based on their relevance and viability to the 
specific context of Abu Dhabi Emirate. To aid in measuring sustainability performance, 
a relative scale of sustainability was established. The scale was defined by 
benchmarking each indicator in relation to performance in different countries. 
 
Validation of the selected indicators and their assigned weight was made using the 
Delphi technique; the key objective of this technique is to obtain consensus information 
from specialists. A number of decision makers, specialists and experts are invited to 
verify the developed indicators. The involvement of stakeholders is a key part of 
developing strong frameworks. MCE was used to evaluate solutions to a decision 
problem with using pair-wise comparison. All the indicators were given weights using 
pair-wise comparison; the importance of each indicator was extracted from expert 
evaluation. Based on this information, a numerical score of Abu Dhabi’s performance 
was assigned. 
 
Indicators with spatial reference are identified to build a GIS database. Ranking 
sustainability of each area in Abu Dhabi Island (the case study) were determined using 
GIS-based indicators and MCE analysis, using previously established scales and 
weights. Maps were generated to identify energy, water and solid waste hotspots and the 
sustainability of each area was ranked based on these factors.  The role of GIS in the 
analysis of sustainability of Abu Dhabi’s built environment is further illustrated by 
studying the impact of social economic behaviour. Population nationality, building type, 
and vegetation are used to study the correlation between the sustainability of the built 
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environmental and its social and economic issues. Figure  4-2 shows the process for 
developing Abu Dhabi built environmental indicators. 
 
Figure  4-2 Overview of the methodology process 
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The research methodology and procedures are described in greater detail below. 
4.3 Defining the Decision Problem 
 
In this section, the definition and identification of the frame decision problem was 
performed to answer the questions: 
a) What is the definition of sustainable development? 
b) Is the current practice of consumption and production in Abu Dhabi city 
sustainable? 
c) What should be done to enhance current practices to make the city sustainable? 
This research was developed to find the best answers for these questions. However, to 
find the answer, initially information about the city current performance was collected 
from different stakeholders, including local and international organisations. At the local 
level, the coordination was insured with Environmental Agency Abu Dhabi (EAD), 
Urban Planning Council (UPC), Abu Dhabi Municipality (ADM), Statistic Centre Abu 
Dhabi (SCDA), Abu Dhabi Water and Electricity Authority (ADWEA), and the Abu 
Dhabi National Oil Company (ADNOC). At the international level the data was 
collected from UNDP, WWF (Emirates) and World Bank reports. This information 
helped to outline significant strategies (pertaining to sustainable performance) used in 
Abu Dhabi. Further, this section studied the most important indicators implemented in 
Abu Dhabi at a building level (Gulf BREEAM, Emirates LEED and Estidama), a 
neighbourhood and regional level (UNEP), WWF and One Plant Future), as an essential 
part of the development of cities. 
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4.4 Case Study Selection 
 
This study examines the sustainability performance of Abu Dhabi Emirate, the capital of 
the UAE.  As of 2011, it had a population of 2,120,800, and occupied an area of 67,340 
km² (ADM, 2013). 
 
 
Figure  4-3 Abu Dhabi Emirate 
Abu Dhabi Emirate is the largest Emirate in UAE , occupying almost 87% of the 
country’s total area, (67,340 square kilometres) (AD, 2010) as showen in Figure  4-3. 
The developed framework and indicators are based on the performance of the whole 
area of Abu Dhabi Emirate. The implementation of the spatial indicator in GIS software 
is verified only in Abu Dhabi city (main island), as illustrated in Figure  4-4, with an 
approximate area of 94 km²: this is due to the lack of available spatial data regarding 
Abu Dhabi Emirate, to simplify the analysis for decision makers. 
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Figure  4-4 Abu Dhabi Island 
Source: abstracted from (ADM, 2013) 
4.5 Developing Environmental Sustainability Indicators 
 
There are several approaches and frameworks for developing indicators, depending on 
the target of these frameworks. There are a number of indicators that aim to evaluate 
and/or enhance the sustainability of building and other target neighbourhoods, cities or 
at the global level. There is no consensus regarding the best approach to build 
sustainable development indicator models (Wilson et al., 2007). Nonetheless, the choice 
of appropriate structure and themes covered is a significant factor in the indicator 
development process. The present study has targeted city sustainability and has adopted 
a cause-effect approach (driving force, state and response). Indicators are developed 
according to Abu Dhabi specific structures, reflecting a city priority that is one of the 
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most critical stages. The process of adopting a framework, themes, scales and weighting 
is discussed in more detail below. 
4.5.1 Identifying the Indicator Frameworks 
 
In this section, the framework of the indicators has been identified, according to Lin et 
al.’s (2009) indicator frameworks, which have proven useful in identifying the inherent 
relationships among the ecological indicators and linking them to a clear objective. An 
assimilated cause-effect approach (DSR-drive force, state, response) has been selected 
for this study. The respective indicators were associated in terms of their 
interdependence, with a holistic view of the city practices. The following are the 
currently used indicator frameworks. 
 
Frameworks having themes as their foundation: frameworks that have themes and sub-
themes as their foundation categorise the indicators into a variety of aspects pertaining 
to sustainable development (Brandon and Lombardi, 2011). This framework highlights 
strategy causes and shows the relationships between the different themes and is easy to 
use at the country level (IAEA et al., 2005). On the other hand, themes frameworks are 
not always homogeneous across nations; so comparison and benchmarking exercises 
among countries and regions are not always possible (Brandon and Lombardi, 2011). 
This framework is commonly used in international indicator development, such as those 
for Energy Indicators for Sustainable Development (EISD). 
 
Cause-effect approach: the OECD established a common approach and framework for 
environmental indicators (OECD, 2010). The most commonly used framework in 
indicator-based studies is the cause-effect approach, which consists of three types: the 
pressure–state–response (PSR), driving force–state–response (DSR), and driving force–
pressure–state–impact–response (DPSIR) conceptual frameworks (Niemeijer and de 
Groot, 2008), as illustrated in Figure  4-5. Cause-effect frameworks structure indicators 
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in the context of a so-called causal chain that connects indicators of the driving forces to 
those of pressure, state, impact and response (Niemeijer and Groot, 2006). 
 
 
Figure  4-5: (PSR), (DSR) and (DPSIR) framework 
Source: (Niemeijer and de Groot, 2008, Brandon and Lombardi, 2011) 
The causal chain frameworks assist with understanding the different indicators in terms 
of causality chains of cause and effect (Carr et al., 2007). The causal chain approach 
structures indicators and highlights the causal relationships between the different 
categories of indicators. For that, the adoption rate of this framework is high from 
environmental assessment reports (Niemeijer and Groot, 2006). 
a) PSR was developed by the OECD and provides a first mechanism to keep track 
of environmental progress (PlanBleu, 2010). According to this framework, 
pressures such as human functions, population increases, and climate have an 
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impact on the environment. Such impacts change the quality and quantity of the 
environment. It is considered that society’s responses to such changes are 
through policies and/or behaviour (PlanBleu, 2010). However, ‘focus on 
anthropocentric pressures and responses in its evaluation of environmental 
problems proved problematic, in that it tended to push aside natural variability, 
as there was no place for it in the PSR classification scheme’ Carr et al., 2007, p 
544).  
b) DSR was adapted from the (PSR) framework: in this framework the term 
‘pressure’ was replaced with the term ‘force’ by the UN Commission on 
Sustainable Development (CSD). This included additional social, economic and 
institutional indicators, as well allowing positive or negative effects of 
sustainable development (Patlitzianas et al., 2008). Likewise, this framework 
considers the impact of human activities on the state of sustainable development 
and that society responds to modify that state (Brandon and Lombardi, 2005). 
This framework has been used by many organisations and reports; the UN (CSD) 
used this framework to classify the indicators in Agenda 21. (Chaves and Alipaz, 
2007) have also used this framework to develop a watershed sustainability index 
in 2006. 
c) DPSIR is concerned with the disagreement between PSR and DSR schemes. In 
the DPSIR framework, a category (drivers) is the social and economic human 
activities such as water, shelter and culture, which may apply pressure on the 
environment (land change and resource consumption). This pressure leads to 
changes in the state of the environment, and these changes in the quality and 
quantity of natural resources impact on human wellbeing (water reserves and air 
quality), and the response to these impacts that are expected (polices and 
prevention) (Carr et al., 2007). The EEA uses this model in evaluating the 
environmental condition for countries and institutions that wish to emphasise the 
dynamics of environmental change and the impacts of human activities. This 
variant may be useful, although the necessary data for impact indicators can be 
difficult to obtain (PlanBleu, 2010). The National Statistical Institute of Italy 
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(2001) has chosen this framework to develop environment sustainability 
indicators in Italy (Donatiello, 2001). 
The above schemes provide decision makers with tools to track the path of the problem 
starting from cause, effects and how the city has responded. Despite this, there is an 
argument against the causal chain framework and its ability to offer clear ideas to 
understand the complex causal relationships of different components in ecosystems 
(Niemeijer and Groot, 2006). However, there is sufficient evidence of the successful 
implementation of this framework in assisting decision making at different levels 
(Meyar-Naimi and Vaez-Zadeh, 2012, Chen et al., 2005, Tscherning et al., 2012, 
Hambling et al., 2011). 
 
In this research, as the indicators were mainly built to help decision makers in 
evaluating the city performance, it is very important to establish the link and casualty, 
which can serviced by using a DSR framework, at the same time one that is simple to 
understand. A comprehensive understanding of each indicator must be considered. As 
highlighted above, developing clear indicators is necessary for enhancing city 
performance towards sustainable cities; it is supposed to suit targeted city built 
environments particularly, and prioritises specific needs. 
4.5.2 Identifying the Sustainability Themes 
 
Sustainable development indicators might be one solution for controlling assaults on the 
environment. As there is no agreement on a definition of sustainable development, the 
main themes of city’s sustainability vary from one place to another, along with their 
focus on environmental issues. However, the following key themes are commonly listed 
in definitions of sustainability: water, energy, solid waste, energy, green areas, 
transportation air quality and noise, as illustrated in Figure  4-6.  However, it is important 
to understand what Abu Dhabi Emirate needs and prioritises before the selection and 
development of the indicators. At the same time they must be simple to be understood 
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by decision makers. Three main themes have been selected based on understanding Abu 
Dhabi’s needs and priorities: energy, water and solid waste activities present the main 
challenges in Abu Dhabi’s sustainability. This research focuses on these themes. 
 
Figure  4-6 Field of sustainable development in built environment 
Source: abstracted from (Donatiello, 2001, Cato, 2009) 
4.5.3 Identifying the Sustainability Indicators 
 
In this section, sustainability indicators are defined, mainly from a literature review and 
the international index. The development of Abu Dhabi sustainability indicators have 
been derived from a comprehensive search of proposed and implemented indicator 
studies, from a large overview of city best practices. A large number of indicators have 
been developed among different level of sustainability, ones that can be adopted as 
sources in this research; however, each city has its own specific conditions and 
priorities, so it is impossible to copy them completely, and all indicators must be filtered 
according to the local environment needs. Moreover, to build valuable indicator tools, 
there has to be reliable and statistically sound database. Much effort has been 
undertaken to gather information from different sources to structure the indicators for 
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Abu Dhabi Emirate. In some cases, the data is very difficult to locate, or it might not 
exist. Quality assurance was performed to consequently build the database. 
 
Figure  4-7 Process for identifying sustainability indicators 
The first step, presented briefly in the previous section of this chapter, involved an 
evaluation of the current state of Abu Dhabi Emirate. Following this, an initial list of 
selected indicators was created based on a literature review. The following criteria were 
considered in the selection of good sustainability indicators: an indicator should be 
relevant to the problem addresses; it should reflect changes in management and 
activities over time and space; it needs to provide reliable information; it has to be based 
on accessible data; and it must be integrative, allowing connection between 
environmental, social and economic aspects of sustainability (Chaves and Alipaz, 2007, 
Juwana et al., 2012, Van Leeuwen et al., 2012, Brandon and Lombardi, 2005, UN-
HABITAT, 2006). 
 
The list of pre-selected indicators from the literature review was then filtered, based on 
its relevance and viability to the specific context of Abu Dhabi. Indicators that did not 
pertain to UAE environment and those that did not have sufficient detail were not 
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included in the list. Figure  4-7 illustrates the process of identifying the sustainability 
indicators for Abu Dhabi’s built environment. 
4.5.4 Identifying the Scale 
 
Scale identifies the performance of the target city to a reference range. According to 
(Booysen, 2002), scaling can be performed through four methods. First, the variables are 
previously scaled, such as are reported in percentage terms or some ordinal response 
scales. Second, the use of standard scores (z and t values) and raw scores are first 
adjusted for directionality by multiplying each with either +1 or –1. Standardisation then 
involves transforming raw scores on each indicator into standard scores; for example, z 
= (actual score – mean)/standard deviation. Third, survey results are used to transform 
variables into ordinal response scales. Finally, the conventional linear scaling 
transformation (LST) method is used. Minimum and maximum values are generally 
assigned to all the variables. However, some analysts only use maximum values in 
scaling (Booysen, 2002). 
4.5.5 Identifying the Weighting 
 
The indicator’s weight reflects the importance of the indicator. According to (Nyerges 
and Jankowski, 2009, p139), ‘Weight is a numeric amount assigned to an evaluation 
criterion, indicating its importance relative to other criteria in the decision situation’. In 
this study, weight has been assigned based on the expert’s evaluation regarding the 
importance of the indicators; the weight of each indicator is assigned to apply MCE. 
Analysis data using MCE has become a common technique in decision making, used in 
the analysis of complex data. It is based on the multi-attribute utility analysis used to 
provide a systematic method of assigning and weighing quantitative  values to a variety 
of potential performance-improvement programmes and projects (Watkins et al., 2012). 
MCE is an effective method of structuring and facilitating difficult decision making 
processes, particularly decisions that involve environmental issues (López-Marrero et 
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al., 2011). It has formal deliberative approaches, which can help in facilitating 
consensus in complex situations. In this particular situation, there are multiple 
participants. 
 
Usually, decision makers combine several approaches in MCE to aid planners in making 
a decision about a city’s sustainable development. Thus, they must consider the most 
viable options for various amenities required in a city. The major advantages of the 
MCE are the combined force of deliberation on options and stakeholders’ interaction, 
which provide effective structures and integration for making decisions on complex 
issues. Decision makers must identify several sets of options for deliberation and 
suitable decision criteria. They must then evaluate all options based on priorities and 
note any disparities. 
 
Fundamental outcomes in MCE are the discovery of options’ critical elements, which 
need thorough evaluation to achieve the desired results. This is a way of providing 
alternative values to decision makers. Decision makers rely on the preferred options 
through collaboration. Outcomes may help facilitate rational decisions with regard to 
choosing the best options, evaluating multiple choices for the best ones, arranging tasks 
and options in order of priorities, and effective allocation of resources to projects. 
 
To apply MCE, the following method can be used to calculate weights in MCE 
procedures. 
 
Equal weighting method. This method reduces a large number of solutions for 
consideration. Determining the solution for a problem may be easier if decision makers 
identify non-equal sets. The equal weights method has been criticised because it ignores 
the relative importance among criteria (Wang et al., 2009a); multiple solutions might 
exist. Moreover, the final decisions rest with decision makers. It does not assert that 
decision makers will find all non-equal sets. Finally, determining the number of equal 
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sets may not be easy because it depends on different arrangements of weights. Still, a 
large number of criteria may be difficult to weigh. 
 
Pair-wise comparison. This is simple to implement in a group discussion. It also 
facilitates decisions making and recommendations. The pair-wise comparison allows 
decision makers to be informal and provide their experiences and skills. Conversely, 
pair-wise comparison may fail to provide details as required by the MCE. In some cases, 
different participants may use different criteria in decision making processes without 
disclosing this. 
 
Analytic Hierarchy Process (AHP). AHP builds on the pair-wise method to assign a 
weight for every unique criterion (Wang et al., 2009a). This technique allows decision 
makers to evaluate the relative effectiveness of multiple options based on specific 
criteria in an instinctive way, and it can be used to calculate weights and pursue MCDA 
procedures (Kordi, 2008).The AHP is an effective tool in applying MCDA: it was 
presented and developed by Saaty in 1980 (Kordi, 2008). 
 
The method is flexible, intuitive, and has abilities to analyse inconsistencies in data. It is 
convenient and linear to users. The AHP technique breaks down the problem and 
analyses individual parts. It appeals to both objective and subjective elements in 
different options. Thus, it eliminates bias in the process of decision making. The AHP 
relies on consensus, based on the geometric mean of different options. It can provide a 
scale of measure in situations where they are not available. AHP may lead to 
irregularities in ranking options. Aggregation between bad and good scores can cause 
data omission and loss. Breaking down all problem decisions can to lead to large and 
complex data for analysis. 
 
SIMOS. In this method proposed by Simos in 1990, the participants are expected to rank 
criteria from the least important to the most important (Wang et al., 2009a). This is an 
indirect technique, which relies on hierarchical ranking of various criteria. The method 
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is not arbitrary, and depends on the direct allocation of weights. Moreover, it is simple 
to understand. It also provides freedom for decision makers to evaluate their preferences 
(Figueira and Roy, 2002). 
 
In this research, pair-wise comparison is used to assign the importance and give weight 
to each indicator, according to its importance during the assessment stages. The 
assignment of indicator weighing has been generated from importance values rated by 
experts in the case study area. Experts in the Delphi survey have been asked to evaluate 
the importance of the indicators for assessing the sustainability of Abu Dhabi’s built 
environment. It uses a scale of 1 to 10 to identify the level of importance, in which 1 
means ‘not important’ and 10 means ‘extremely important’. The average of the given 
score has been calculated to reach a final weight. 
4.6 Validation 
 
For proposed indicators to be reliable, it is important to examine the validation of 
proposed indicators. Validation of the developed conceptual framework of sustainable 
indicators must be ensured, be sufficiently accurate, and provide support from 
stakeholders to achieve the best conclusions and desired recommendations. 
 
In this research study, the validation of the research outcome was secured by two 
aspects: first by ensuring that the developed indicators met the criteria of the sustainable 
indicators. There are common criteria that can assess the effectiveness of the indicators 
and are relevant to the needed system: easy to access, reliable information, easy to 
understand, credible, transparent and accurate. These criteria are illustrated in more 
detail in the next section. Secondly, using the Delphi survey, the involvement of 
stakeholders is a key part of building strong frameworks. The survey stakeholders might 
help to verify whether or not the developed indicators are strong enough to evaluate the 
sustainability of the study area and in what percentage it meets the criteria for 
effectiveness indicators. 
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4.6.1 Indicator Criteria 
 
One of the most challenging steps is to secure the reliability of developed indicators. To 
be successful, indicators must be meet the following criteria (Chaves and Alipaz, 2007, 
Juwana et al., 2012, Van Leeuwen et al., 2012, Brandon and Lombardi, 2005, UN-
HABITAT, 2006): 
x Relevant: effective indicators must be relevant and able to monitor progress 
towards agreed targets and objectives. 
x Understandable: effective indicators are supposed to be simple to understand; 
they should also be objective to avoid introduction of personal or subjective 
assessment during measurement. 
x Reliable: efficient indicators should be dependable and the details provided by 
them should be relied upon. 
x Accessible: the indicators should be easy to access and provide timely 
information, so that the information is available while there is still time to 
operate. 
x Measurable: effective indicators are measurable using some scale, and easy to 
measure at a reasonable cost. 
x Developed with participation: this is to ensure that the selected set of indicators 
encompass the visions and values of the community for which it was developed. 
x Concise: the number of indicators should be kept as minimum as necessary. 
Avoid collecting information that is not used to support the decisions. 
x Verifiable: there should be an ability to cross-check data with other sources; 
scientific where possible. 
x Comprehensive: the effective indicators must represent all concerned issues 
among the environmental, social, and economic aspects of sustainability. 
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4.6.2 Delphi Technique 
 
This is a common method in information system studies; it enhances the confidence in 
data gathered for decision making. The Delphi survey is an approach that can be used to 
collect data from experts or to lead to a group decision (Watkins et al., 2012). The 
Delphi survey is a technique to extract opinion from experts without requiring them to 
have a scheduled meeting (Juwana et al., 2010). RAND Corporation created the 
technique in the 1950s to provide opportunities for many experts to provide their 
opinions jointly on complex problems (Watkins et al., 2012). The Delphi technique was 
useful in predicting technologies of the future. The main approach of the technique is 
‘structuring a written, asynchronous communication process among a large problem 
solving group so that it is tailored to the nature of the problem, the characteristics of the 
group, and the objectives of the problem solving exercise’ (Moore, 2004, p122).  
 
Delphi relies on problem solving approach, which relates to assessment, comprehension 
and evaluation. Participants can join the process at any phase. Thus, it reduces 
constraints on contributors. 
 
Advantages and disadvantages of the Delphi technique: one of the main advantages of 
this technique is that several participants can simultaneously take part in the problem 
solving. Each participant has the freedom to focus on specific areas of his or her choice 
at any time. The technique enhances the generation of new ideas from experts in the 
field of discussion. Participants have the opportunity to organise their content before 
contribution. All members may also have equal chances of participation in decision 
making processes. It is the best current approach for eliminating information overload 
among participants. 
 
Delphi technique enhances the collaborative approach of solving complex problems. In 
addition, participants have to focus only on important areas of discussion. The use of 
scaling facilitates understanding among experts. The approach ensures that experts 
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evaluate all areas of disagreement through developing effective evaluation of views. 
Finally, experts have opportunities to exchange tacit knowledge. 
 
In some instances, the Delphi technique has yielded poor results. However, critics 
believe that the method leads to poor outcomes, and not the technique itself (Moore, 
2004). However, it is critical to note that forecasting may fail to account for inherent 
uncertainty. Thus, the exact outcome may be impossible to achieve due to a substantial 
error margin. 
 
It is possible that some participants in future developments might not have correct 
information regarding significant issues in the region of focus. In this regard, the Delphi 
technique may justify false claims and assert ignorance. Experts may fail to predict 
some potential outcomes correctly. 
 
The technique cannot adequately analyse complex issues with multiple factors. Changes 
in events could alter the experts’ forecast. The technique does not address such changes. 
Despite these challenges, Delphi has been effective in forecasting potential future 
changes in different fields. 
 
Process of Delphi technique. The process aims at establishing ‘oneness of mind’ at the 
end of decision making. The process involves ‘thesis, antithesis, and synthesis’ 
(Linstone and Turoff, 1975). Thesis and antithesis processes involve presenting various 
ideas, determining and supporting divergent ideas on a given concept. At the synthesis 
stage, experts analyse opposing views in order to formulate a common thesis. All 
experts in the discussion must accept, own and support the developed thesis. Thus, 
participants must change and align their opinions with the new thesis. This will result in 
‘oneness of mind’. 
 
Identification of participant. There are different opinions on the ideal number of 
participants in Delphi technique. Liu et al. (2012) state that generally 10 to 50 experts is 
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a suitable number. In contrast, Watkins (2012) states the primary team should consist of 
between 30 and 50 participants. Nonetheless, the Delphi technique has the greatest 
impact when there are multiple participants. Having few experts results in a limited 
representation of discipline, a lack of authority, and a lack of reliable evaluation results 
(Liu et al., 2012). In this research, the target for a Delphi survey has been set between 30 
and 50 stakeholders for each sector. 
 
The participants in this research questionnaire are directly relevant to water, energy and 
solid waste issues in Abu Dhabi Emirate or UAE in general. At the same time, to 
achieve integration of environmental management systems, it is important to engage the 
public in decision making, engaging them with key city policy and planning decisions 
can enhance the overall performance. Based on this, the selection of five participants 
from the public has been planned. The following have been eligible to engage in the 
research survey: 
x Decision makers of selected sectors (energy, water, waste) in Abu Dhabi 
Emirate. 
x Experts on sustainability in the selected sectors, who would be advising the Abu 
Dhabi authorities. 
x Academics with a relevant record in sustainable urban development. 
x Other professionals who work in the field of sustainable urban development. 
x General public who are directly relevant to the selected sectors. 
The composition of the participant group for each sector should include at least: 
x Twenty participants from specialist group, including academics, consultants, 
government employees and engineers. 
x Five participants from decision makers. 
x Five participants from the public. 
CHAPTER FOUR 
85 
 
The initial contact list was built based on the researcher’s experience, during collection 
of information from different departments in Abu Dhabi Emirate. The list might be 
modified during the survey time. 
4.7 Questionnaire 
 
In this study, the application of the Delphi technique has been used to validate the 
indicator and its framework. The survey was sent to the participant either via email or 
face-to-face; initial contact was made by email. Invitations were sent to participants, the 
email providing information about the project, in a Plain Language Statement, the 
consent form and the survey. The participant was asked to complete and return the 
survey by email. In case there were insufficient replies from experts and decision 
makers, the survey will be conducted in person for those preferring to engage in the 
research. Members of the public were selected and recruited randomly face-to-face, 
during their presence at ADM (customer service hall). 
 
The outcome of the Delphi survey will enable the researcher to refine and finalise the 
recommendations for the development of a sustainability index framework for the city 
of Abu Dhabi. The results will be manually analysed using Excel software. On applying 
the Delphi technique, Alexandrov et al. (1996) found consensus is achieved if more than 
67 per cent of the respondents had a similar answer; this 67 per cent has been also used 
by (Juwana et al., 2010) in achieving consensus for developing a water sustainability 
index for West Java. This percentage is used in this research to evaluate the outcome. 
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4.7.1 Round One Questionnaire 
 
The first round of the survey (STEC-58-2012-ALSALMI) was started in September 
2013. The survey consisted of: 
x Section 1: general information about sustainability indicators 
x Sections 2 and 3: questions to be answered by respondents. 
In Section 2, participants were asked whether they agreed or disagreed with the 
components included in the framework (energy, water and solid waste). In Section 3, 
participants were asked whether they agreed or disagreed with the indicators being 
included in the framework and their evaluation of the importance of the indicators for 
assessing Abu Dhabi’s sustainability. 
 
The stakeholders were recruited and identified from different categories in Abu Dhabi 
Emirate. The targeted stakeholders for this survey include 20 participants from 
specialists groups (including academics, consultants, government employees and 
engineers), five participants from decision makers and five participants from the public. 
 
Initially, the survey documents were sent to all participants by email. A follow-up 
posting of the material was sent to non-respondent participants within a fortnight. The 
majority of those who were contacted agreed to participate. In the end, for the water 
indicators questionnaire, the number of participants totalled 28 stakeholders, 20 
members from specialist groups, three members from decision makers, and five from the 
general public, as shown in Figure  4-8. 
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Figure  4-8 Participants in the water questionnaire 
For the solid waste questionnaire, the total number of participants was 33 stakeholders, 
20 members from specialist groups, six members from decision makers and seven from 
the general public, as shown in Figure  4-9 (where some of the participants described 
themselves as general public even if they worked in the solid waste field). 
 
Figure  4-9 Participants in the solid waste questionnaire 
The total number of participants in the energy questionnaire was 30 stakeholders, 23 
members from specialist groups, two members from decision makers and five from the 
general public, as shows in Figure  4-10 (where some of the participants described 
themselves as general public even if they worked in the energy field). 
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Figure  4-10 Participants in the energy questionnaire 
4.7.2 Round Two Questionnaire 
 
The first round of the survey (STEC-58-2012-ALSALMI) was completed in November 
2013. This survey was part of the process for validating the proposed sustainability 
indicators and assessing their weights for Abu Dhabi’s built environment. After 
completing the first round of the project, the new round was proposed to interview the 
key participants in the research; this was developed using the Delphi technique (a 
technique that aims at reaching consensus among experts in two or more rounds). The 
second round of the survey (STEC-58-2012-ALSALMI-MOD 01) was started in 
January 2014, to finalise the recommendations for the development of a sustainability 
indicator framework for the city of Abu Dhabi. The survey consisted of three main 
sections: information for Round Two (Section I), results from Round One (Section II) 
and questions to be answered by respondents (Section III). In this questionnaire (Section 
III), the respondents were expected to assess: the new structure of components; the new 
structure of indicators; and the proposed thresholds. 
 
The stakeholders were recruited and identified from different categories in Abu Dhabi 
Emirate. The targeted stakeholders for this interview include two to five participants 
from key specialist groups (including academics, consultants, government employees 
and engineers). Initially, the survey documents were sent to the targeted participants by 
email; these included the information about the project, a plain language statement, the 
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results from the Round One and Round Two questionnaires. The email also requested a 
suggested interview date, time and venue to be given by the participant. For participants 
who accepted, a meeting request was sent to them by email. Based on the agreed time, 
participants were contacted face-to-face to answer the questionnaires. 
 
The invitations were sent to the participants, Most participants expressed their 
willingness to participate; for the water indicators survey, two participants either did not 
accept or declined the invitation. The total number of participants were four 
stakeholders. For the solid waste survey, three of the participants expressed their 
willingness to participate; two either did not accept or declined the invitation. For the 
energy indicators survey, three of the participants either did not accept or declined the 
invitation; the total number of participants in energy survey was three stakeholders. 
4.8 Ethical Considerations 
 
Human ethics approval has been granted for this research by the Human Ethics 
Advisory Group (HEAG), Faculty of Science, Engineering and Built Environment, 
Deakin University. Following this, the HEAG Low Risk Application Form (Version 
1.1) was submitted. The first round of the research ethics application forms, coded as 
STEC-58-2012-ALSALMI, has met the criteria of low risk research. The second round 
of the research ethics application forms, coded as STEC-58-2012-ALSALMI-MOD 01, 
also met the criteria of low risk research. 
 
Participation in this research was entirely voluntary. Each participant who chose to 
participate was provided with an information statement, a plain language statement that 
outlined the research purpose and method, and what was required of them. Consent will 
be implied by completion and return of the survey. Participants may withdraw at any 
time, but once submitted, information may not be withdrawn as it cannot be linked back 
to theme. 
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All information that participants give will be treated in the strictest confidence and all 
identifiable features of the data will be de-identified. All emails sent to participants will 
be separated so that responses cannot be identified. Only the researcher will have access 
to the primary data collected. All information will be stored in protected computer files. 
The information will be stored for five years at Deakin University after final publication 
of the research outcomes. 
4.9 Spatial Analysis 
 
Evaluation of city spatial patterns have become increasingly popular by GIS and MCE 
methods (Banai, 2005). In this section, a coherent GIS-based DSS for a sustainable Abu 
Dhabi built environment has been used. Requirement analysis will be performed to 
define the main components and interactions that are necessary to understand and 
address city sustainability performance. Results of developed indicators in previous 
sections will be provided as data to build a spatial model. Social economic factors will 
be used to analyse the city’s performance. The social economic factors function 
population, nationality and income could be powerful to analyse citizen behaviours. 
4.9.1 Data Acquisition 
 
The data has been collected, covering all aspects of environmental sustainability 
development in Abu Dhabi Emirate; this includes the environmental aspects of energy, 
waste and water management, social aspects such as population and family, and 
economical aspects, such as GDP and prices. The process of developing the sustainable 
indicators has been based on data found in the literature review, and information 
collected from different department and agency in UAE. 
 
Indicators with spatial references were classified from each index. Further, the required 
information for each indicator was collected from different departments and agencies in 
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Abu Dhabi Emirate, such as ADM, the environmental Agency, the water and electricity 
authority, and the transportation department. The geo database has been built including 
the following data: electricity consumption, water consumption, municipal waste 
generation, fuel consumption in each fuel station, CO2 emission traffic loop, and 
vehicle. Both spatial and descriptive data were imported into GIS (ArcGIS 10 software) 
and linked. 
 
Moreover, the base map data that has been used included the base map of Abu Dhabi 
Island, which was created using photogrammetric methods, and includes complex 
information about all city objects located, with the positional errors enabling output in 
the scale of 1:1250. The layers forming the base map used in this study are the 
following: 
x Buildings are classified according to their usage (commercial, educational, 
services, etc.) and usage type (school, cinema, hotel, kindergarten, etc.) with 
given names, floor number. 
x Roads are presented as individual features and classified as a highway or narrow 
way. 
x Planning data represent information related plots, sectors and zones from a 
planned point of view.  
x Plots are classified according to their usage (commercial, educational, services, 
etc.) 
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Figure  4-11: GIS physical model 
Raster data, including both aerial photographic and satellite imageries, were used for the 
areas where there was a lack of accurate and updated data from the base map. 
Additionally, in all cases where the time factor played a major role, obtaining raster 
information was very efficient. 
 
Census data represents information collected for Abu Dhabi’s population in 2010; the 
data classify the population by the nationality, age, sex and education level. Income was 
estimated from the population nationally. This information has been used in this 
research to represent the social and economic indicator, as illustrated in Figure  4-11. 
4.9.2 Data Editing and Quality Assurance 
 
The acquisition data were edited to ensure quality assurance. Missing data were 
estimated based on old statistics, or interpolated from the existing number available 
using (ArcMap software). Sharing of geographical information depends on the existence 
of a common geo-reference system to which all information has to be related. The 
importance of this subject is fully visualised during the data conversion process; data 
with a different reference has been changed. Abu Dhabi spatial reference system for 
Projection and Datum is WGS_1984_UTM_Zone_40N. 
4.9.3 Spatial Analysis 
 
Analysis was based on testing the hypotheses. Analysis of indicator data clearly point to 
a regular trend concerning the city’s environmental status. It is important that the 
characteristics of indicators formed are based on a common conceptual model. The 
indicator must exhibit measurable qualities, cover information over a long period and be 
able to play its role as an awareness raising tool. Contrary to assumptions, building 
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environmental indicators takes place over a long time during, which compressive 
collection and analysis of data occurs. 
 
The first step, presented briefly in the previous section, involved establishing the geo 
database of the Abu Dhabi Island; including all previously mention layer and using the 
Arc Catalog. Following this, an initial map was created, based on available layers to 
rank the sustainability of each area in Abu Dhabi Island. The map was then generated 
from a vector point map and data sets were classified and ranked with colours to show 
the frequency of classes using colours distributed spatially on the margins of maps. 
 
Following this, hotspot analysis was utilised to detect the location of high or low 
consumption areas. Hotspot analysis in ArcGIS calculates the (Getis–Ord Gi*) to 
identify statistically significant spatial clusters of high values and low values (esri, 
2013), where the Getis–Ord local statistic is given as: 
 
Where xi is the attribute value for feature j, wij is the spatial weight between feature i 
and j,n are equal to the local number of features and: 
 
 
The final step is an in depth examination of the case study to understand socio-economic 
factors in city sustainability performance. The power of GIS is used to analyse energy 
consumption, water consumption and municipal waste generation to determine if there is 
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any correlation with population nationality, family income, building type and vegetation 
area used to study the correlation between sustainability of built environment and social 
or economic issues. 
4.10 Summary and Link 
 
This chapter has discussed the methodology used for this research. First, the need for 
developing sustainability indicators was studied; second was an examination of the 
approach and techniques employed to complete the targets of this research. Third, the 
research techniques were tested in the case study and validation of the outcome was 
ensured. The next chapter examines the Abu Dhabi case study.  
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CHAPTER 5: THE CASE STUDY 
 
5.1 Introduction 
 
In the previous chapter, the method used to achieve the research hypothesis and 
objective was illustrated. The Abu Dhabi Emirate is used as a case study and shows how 
the methodology, explained in Chapter 4, has been applied. The chapter examines the 
environmental problems associated with urban development in Abu Dhabi and the 
challenges faced by the city, with respect to urban development. 
 
The main objective of this chapter is to review sustainable development in Abu Dhabi 
Emirate. Case studies provide existing frameworks on the realisation of certain goals 
(Creswell, 2009). In this regard, the general growth of the city and the residential and 
commercial development are discussed. Emphasis is placed on highlighting the 
sustainable development parameters based on this case study. 
 
The first section of this chapter discusses the historical background of the city to 
consider the key concepts underlying the development of sustainability. The second 
section discusses the current assessment method applied in Abu Dhabi Emirate. The 
chapter also investigates the diversity of recent indicators at various scales and their 
targets in the assessment of Abu Dhabi’s city sustainability. 
5.2 The Progress of Abu Dhabi Emirate 
 
Abu Dhabi is the capital city of UAE, which is a group of seven independent states and 
is situated in the south eastern part of the Arabian Peninsula (Emirates Government, 
2011).  The Emirate has the Arabian Gulf on its north and the Gulf of Oman on its east. 
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The land areas surrounding the Emirate are Saudi Arabia on its south and west and 
Oman on the east (Emirates Government, 2011). The Abu Dhabi Emirate is located at 
approximately 24° 28' 0" North, 54° 22' 0" East, and covers around 67, 340km² (AD, 
2010). Abu Dhabi Emirate had a population of 2,120,800 in 2011, occupies an area of 
67,340 km² (ADM, 2013), and is comprised of three regions: Abu Dhabi, Al Ain and Al 
Gharbia, as shown in Figure  5-1. 
 
 
 
 
 
 
 
 
 
 
 
Figure  5-1 Case study (Abu Dhabi Emirate 3 regions) 
Abu Dhabi city is an island located approximately 250 metres from the mainland and 
connected by four bridges (ADM, 2013). The city is modern and characterised by high 
rise commercial and residential buildings, combined with low rise residential buildings 
and park areas (Emirates Government, 2011). The city is growing more rapidly, and 
urban sprawl attacks more and more agricultural and environmental landscapes. 
 
Severe modifications in land use and urban development brought about the need for the 
preservation of the built environment (EAD, 2010). According to Nyerges and 
Jankowski (2010), there is a need to develop a strategy that will minimise environmental 
degradation at the expense of urbanisation. The Abu Dhabi local government is facing 
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huge challenges in encouraging sustainable lifestyles in the city. The fast urbanisation in 
the city needs a good sustainable development plan. 
5.3 Abu Dhabi Development 
 
Abu Dhabi provides an interesting example of a city that has recently witnessed 
spectacular urban development (Yagoub and Kolan, 2006). The past decades’ massive 
oil revenues allowed the country to embark on unprecedented national development. 
The built up area of Abu Dhabi city increased from 8,992,391 m2 in 2000, to 11,658,596 
m2 in 2010 (ADM, 2013). The Emirate is expected to have a massive population growth 
in the near future (EAD, 2010). Towards this end, there is a need to focus on a 
sustainable path of city development to ensure a decent life for future generations. 
 
Abu Dhabi is experiencing fast urbanisation and unplanned growth, together with an 
escalating GDP and fast growth in urban infrastructures. The city’s local government 
has initiated many strategies for developing sustainable cities and communities (Abu 
Dhabi Executive Council, 2008). Sustainable development of the built environment has 
become a priority worldwide, and is gradually becoming a national priority in UAE as 
well (EAD, 2010). Towards this end, studies like this one help provide an ideal 
framework on how sustainable urban development can be realised. 
 
Abu Dhabi has great oil reserves (SCAD, 2012b). Despite the fact that its coastline is 
more than 400 kilometres long (with more than 200 islands), it has a dry ecology (AD, 
2010, Mohamed, 2006). Development in Abu Dhabi is a result of increasing human 
requirements and infrastructure, due to the increasing population. An increase in the 
local population and the number of expatriates has contributed towards the overall 
increasing population of the Emirate. 
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5.4 Urban Change 
 
Urbanisation brings about a transition from a rural to an urban set up. According to 
Masser (2001), fast urban growth means that most cities are in a constant state of 
transition. The fast development of Abu Dhabi is connected with a rapidly sprawling 
development, marked by large scale sky scraper buildings, and varied-use developments 
with high consumption patterns.  Unplanned growth in building and city development 
has created pressing environmental demands.  Masser (2001) notes that a rapid change 
in city scale results in problems regarding the natural environment around an urban 
setting. The huge growth in basic services such as water, electricity supply, 
transportation, waste and waste disposal creates most of the city’s crises. Figure  5-2 
illustrates Abu Dhabi’s urban development. 
 
Figure  5-2 Growth in the building and urban development in Abu Dhabi 
Source: abstracted from (ADM, 2013) 
When seeking to clarify Abu Dhabi’s urban development, it is important to step back 
from the overall historical background to clarify the main reasons that have instigated a 
particular change. Following is an explanation of the city’s development: 
x Al Hosn palace is the oldest building in the city of Abu Dhabi, and reflects the 
continuous history and achievements of Abu Dhabi since the eighteenth century. 
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It was established in Abu Dhabi as a stronghold of Sheikh Shakhboot Ben Diab 
during relocation of the ruling Al Nahyan, from Al Mariah at the Liwa oasis to 
the island of Abu Dhabi in 1793 (Abu Dhabi, 2012) .  It is a massive building 
that covers an area of 6400 square metres, protected by four towers. During the 
early period; the palace was the only one built of stone, while the indigenous 
people lived in houses built of palm fronds. 
x  After Abu Dhabi started exporting oil in 1962, oil revenue began to raise 
government income, which allowed massive urban development in the Emirate. 
Abu Dhabi was suffering from difficult economic conditions that worsened with 
the severity of the collapse of the pearl industry. Oil revenue has enabled 
development initiatives that provide modern facilities people who needed them: 
there was an urgent need for everything, from schools, roads, hospitals and even 
clean water. 
x In the 1960s, city development was slow owing to restrained economic growth 
and a small rise in resident numbers.  In 1962, the ruler of Abu Dhabi, Sheikh 
Shakhboot bin Sultan Al Nahyan, appointed Sir William Halcrow and Partners 
and Scott Wilson/Kirkpatrick & Co. to prepare a development master plan for 
the city of Abu Dhabi. Some projects have been implemented in accordance with 
the scheme of Halcrow in the first five-year plan (1962–1967) (Abbas, 2012). By 
the year 1967, the first low rise buildings appeared in Abu Dhabi and paved road 
networks were also developed. 
x In 1967, Sheikh Zayed bin Sultan Al Nahyan, asked the UN to send an expert to 
supervise the implementation of the general plan of the city. Mr Takahashi, a 
Japanese engineer, was nominated for this task and appointed the chief town 
planner of Abu Dhabi (Abbas, 2012). In 1968, UN planning expert, Dr 
Abdulrahman Makhlouf, was nominated as town planning director for Abu 
Dhabi Emirate. Simultaneously, the town planning department in the city of Abu 
Dhabi, and later in Al Ain, was established.  During this period, one of the major 
transport developments was building the Al Maqta bridge to improve the 
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transportation network between the island and the Emirate’s mainland 
(Abullrahman Makhlouf, 2011). 
 
Figure  5-3 City development from 1968–2010 
Source: (ADM, 2013) 
x 1974–1977: three to four storey buildings appear, New Bridge (Mussafah 
Bridge) connects the island and the mainland of the Emirate, new suburbs appear 
outside the island (such as Jarn Yafoor, Al Mafraq, Al Wathba and Al Khazna), 
Street network, land uses, and the building of the industrial city was started 
(Musaffah); the new airport road was also planned. The population of the 
Emirate of Abu Dhabi was 143,280, and on the island it was 127,763 
(Abullrahman Makhlouf, 2011). 
x 1978–1988: a period of speedy urban development on both the city scale and a 
variety of development facilities in the city. The maximum building height was 
eight stories, along with with planned suburban growth (Abullrahman Makhlouf, 
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2011). A lot of new large suburbs were appearing on the mainland, such as 
Baniyas and Al Shahama and a street network to the suburbs was established. 
x 1989–1998: a period of land cover change in the island and horizontal urban 
extension in mainland. Old houses and one to two storey buildings were 
demolished and new high rise buildings built in their place. Unfortunately, there 
was no new conceived master plan for the Emirate in this period that could have 
further positive effects on the city development. Further, the vertical extension of 
these buildings was not connected with any plot size change. 
x 1999–present: construction activity has grown significantly in this period, 
reflecting the increased demand for housing and the sizable investments directed 
to this activity. The economic surveys of 2007 showed that construction 
expenditure ranked second in terms of its contribution to the value added, which 
was close to AED 47 billion (SCAD, 2009). This share represents 60 per cent of 
the Emirate’s total output, underscoring the economic significance of 
construction activity in Abu Dhabi. The value of completed residential buildings 
in 2007 amounted to AED 16.54 billion, compared to AED 13.6 billion for non-
residential projects. Meanwhile, the value of infrastructure projects (e.g., roads 
and bridges) completed during the same period was AED 41.6 billion (SCAD, 
2009).  Figure  5-3 depicts Abu Dhabi’s urban development from 1968 to 2010. 
High rise modern buildings were constructed without any organised urban planning. 
Consequently, Abu Dhabi came to be described as a ‘forest of concrete’ (Abullrahman 
Makhlouf, 2011). Despite the efforts made by the local government to bring about 
sustainable development, the activities of the construction sector still raise several 
questions, given the gap between theory and reality. 
 
The Abu Dhabi Town Planning Department was able to overcome most of the city’s 
problems. However, with time, the development conundrum became a menace. 
According to Abbas (2012), the lack of experience from staff, coupled with the fast 
spill-over and complexity of city components, compounded the urban planning mess in 
the city. Other challenges include the emergence of random construction areas. The 
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‘random’ areas have emerged due to the absence of general planning and urban design. 
Consequently, the city represents a distorted, polluted and ugly view of the aesthetics of 
the originally planned architecture. 
 
The absence of an appropriate urban planning formula represents a threat to the UAE 
cities. According to Roo and Miller (2004), this absence underscores the importance of 
an overall planning vision that takes into account environmental aspects, as well as 
maintaining the identity and heritage of UAE. This is not impossible; it just needs clear 
urban plans that preserve the environment and understand the possibilities available. The 
situation in Abu Dhabi calls for thoughts on solutions and suggestions that can be a road 
map to restore the balance in UAE cities. 
 
The awareness of the necessity for sustainable development and the link between 
environmental, social and economic needs is an important issue. It is necessary to have 
an in depth study about the interaction between three pillars of sustainable development. 
Governments cannot solve the problems of the city in the absence of incentive 
mechanisms in respect of the environmental aspect. However, the importance of cultural 
aspects is an essential input to correct the breach of ethical practices in urban 
development (Aljaberi and Kumar, 2011). Towards this end, there is a need to evaluate 
anomalies at the level of individual behaviour. 
 
Abu Dhabi government runs many of strategic programmes designed to promote a 
sustainable and safe city in both public and private sectors, which aims to help the city 
recognise urban importance, and encourage citizens to progress towards a higher quality 
of life. 
5.5 Abu Dhabi Master Plan 2030 
 
The fast growth of Abu Dhabi indicates the importance of management programmes. In 
consideration of such a requirement, Abu Dhabi Council for Urban Planning (UPC) was 
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founded in the 2007. UPC is entrusted with the task of designing an excellent built 
environment for Abu Dhabi. As an outcome of Abu Dhabi urban growth and the 
desirability of a sustainable and liveable city, a new motivated master plan was 
published. The UPC has developed Plan Abu Dhabi 2030, which was published in 
September 2007 (UPC, 2011b). 
 
According to UPC (2011), Abu Dhabi Urban Plan 2030 is planned for the year 2030 
and is designed to suit a population of over five million. The main proposals of this plan 
are as follows (UPC, 2011a): 
a) Guidelines to identify new developments to ensure they will be consistent with 
the needs of citizens and will come together as a coherent and viable urban 
whole. 
b) Propose a complete work programme for the more planning of Abu Dhabi, 
resulting in both a comprehensive plan and an array of area plans.  
c) Provide temporary input into other initiatives in Abu Dhabi that shape the city. 
5.6 Environmental Assessment Methods in Abu Dhabi 
 
Abu Dhabi is one of the fastest growing urban communities in the region. 
Notwithstanding the present and future ecological difficulties, Abu Dhabi’s government 
intends to be among the top governments on the planet in sustainable development (Abu 
Dhabi Executive Council, 2008). The Emirate intends to make an appealing and 
reasonable urban environment in which all vital administrations and foundations are 
conducted in an economical and auspicious way. Abu Dhabi is occupied with a 
troublesome test to create valid natural markers that will evaluate the aspiring ecological 
targets. The markers are meant to give solid direction to both leaders and the general 
society concerning key elements that focus on the condition of the urban environment 
and recognise significant ranges for strategy mediation. The markers have emerged as a 
necessity from the GIS perspective discussed in the previous chapters. 
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Sustainable development in Abu Dhabi calls for applicable and logical ecological 
markers to be established. According to Dai, Lee and Zhang (2001), such markers are 
essential for the establishment of spatial data regarding a given area. Nature markers 
allow cities ease in decision making with respect to zoning exercises. The information 
obtained from the spatial data allows for the discovery of methods for decreasing 
ecological contamination and enhancing eco-proficiency. 
 
The case study illustrates current systems executed in Abu Dhabi that plan to enhance 
the maintainable execution of the city’s assembled surroundings. The study investigates 
the assortment of present and conceivable markers at diverse levels and their part in the 
improvement of the city. According to BREEAM (2011), the markers are established 
based on the GIS spatial data regime. There are a few strategies for evaluating natural 
impacts; these incorporate LEED, BREEAM, the Sustainable Building Tool (SBTool), 
cost benefit analysis (CBA), environmental impact analysis (EIA), ecological footprint 
and an environmental sustainability index (ESI). 
 
A percentage of the appraisal techniques aim to guarantee the structure’s supportability 
and the execution of their parts. Additionally, a scope of natural evaluation frameworks 
has likewise been developed to consider neighbourhood, group and territorial concerns. 
Appraisal devices are not only different in target, but additionally they have differences 
in preferences for ecological issues, and in the fundamental decision on the kinds of 
indicators to be used (Areiqat and Mohamed, 2005). The summary below indicates the 
levels at which the criteria and premises of urban sustainability can be connected: 
buildings, groups of structures, town areas, neighbourhoods, group of neighbourhoods, 
central areas, parts of urban communities, towns, regions and nations. 
 
A few ecological evaluation strategies for structures are connected in the UAE 
incorporating LEED, BREEAM, Estidama, UNEP and WWF One Plant Future. 
Table  5-1 is a synopsis of the principle natural appraisal systems used inUAE, 
considering building, locale and worldwide levels. 
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Table  5-1   Assessment methods used in UAE 
Assessment level Assessment method 
Building level Emirates’ LEED 
Gulf BREEAM 
Estidama 
City level Foot print 
Estidama 
Global level UNEP 
WWF One Plant Future 
 
5.6.1 Ecological Assessment Methods at the Building Level  
A few ecological assessment strategies for structures are connected in the UAE 
including Emirates’ LEED, Gulf BREEAM and Estidama, 
5.6.1.1 Emirates’ LEED 
 
The Emirates Green Building Council (EGBC) dispatched the first building rating 
framework for the UAE in October 2007 (Writer, 2007). The LEED rating is a 
deliberate standard for surveying building execution and gathering sustainability 
objectives. The strategy is focused around industry norms created by the USGBC (GBC, 
2011). The LEED accentuates the conditions of craftsmanship techniques for reasonable 
site improvement, water sparing, vitality productivity, materials choice and indoor 
ecological quality. 
 
LEED is a building rating framework created to gauge the execution of a building 
against pre-established parameters, and outsider confirmation. LEED surveys structures 
against the accompanying principle criteria (Xiaoping et al., 2009): sustainable sites, 
water efficiency, energy and atmosphere, materials and resources, indoor environmental 
quality. The LEED framework utilised in the UAE is focused around the first evaluating 
framework, with changes made to record the nearby natural conditions (Alsalmi et al., 
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2013a). The real adjustment to the US LEED is in expanding the aggregate scoring foci 
from 69 to 72 as a consequence of including more weight water preservation, in light of 
its shortage in this locale (Writer, 2007). A building cannot get accreditation without a 
20 per cent diminishment of consumable water used as a part of structures, regardless of 
what number of foci is accomplished in different classifications (Hartman, 2008). This 
measure makes the Emirates LEED more relevant to use in the Emirates locale. Sharma 
(2010) points out that the LEED rating framework is unsuitable for desert environments. 
In the event that one considers painstaking foci like surge fields, bicycle stockpiling and 
evolving rooms, storm water design, certified wood and maximising of light and 
perspectives, then they all fall level on this measuring stick (Sharma, 2010). LEED was 
produced for the USA settings and a portion of the foci noted above may be seen as out 
of place for UAE’s environment. LEED can be however adaptable, is globally perceived 
and can be adjusted and connected to the UAE environment. 
5.6.1.2 Gulf BREEAM 
 
BRE formally initiated BREEAM in the Gulf on October 2008 (Stewart, 2008), and is 
particularly adjusted for the Gulf area. The rating framework considers water 
preservation and vitality issues in its new structure (GBC, 2011). BRE worked with 
Atkins and Carillion specialists to adjust its BREEAM rules so they identify with the 
Middle Eastern atmosphere. BREEAM Gulf has been created as a team with an 
assortment of substantial associations situated in Qatar, Abu Dhabi and Dubai. 
BREEAM helps in setting the principles in best practice manageable building outlines 
and development, keeping in mind the end goal to improve the building’s natural 
execution. 
 
BREEAM Gulf Scheme evaluates the sustainability of a building in the accompanying 
zones: management, health and wellbeing, energy, transport, water, land use and 
ecology, materials, waste and pollution. These ranges’ credits are surveyed to assess the 
execution of the advancement. The general score is then deciphered into a 1 to 5 rating, 
CHAPTER FIVE 
107 
 
with the most abnormal amount of ecological execution rating as 5 stars. Figure  5-4 is 
summary of BREEAM process. 
 
Figure  5-4 General BREEAM process 
Source: (BREEAM, 2010) 
The point of the plan is to unite all the most normally used building aspects as a part of 
the range into one that is simple to use; an available BREEAM scheme that engineers 
and assessors can use to assess, enhance and exhibit the natural certifications of their 
building (BREEAM 2010). The plan has been created with the same classes from the 
UK BREEAM schemes and gives a free method for evaluating key ecological effects 
connected with development in the Gulf area (BREEAM, 2010). For instance, water use 
in the UAE is a fundamental natural concern; subsequently, water embodies 30 per cent 
of the ecological weighting in UAE BREAM, while it is six per cent in the BREEAM 
UK (Hartman, 2008). Unlike BREEAM in the UK, Gulf BREEAM can be utilised to 
survey blended use buildings; for example, retail, private and business. This reflects the 
general practice of blended use structures in the Gulf range (GBC, 2011). 
 
BREEAM has a two-stage affirmation framework, which incorporates an outline stage 
and a post-development stage (BREEAM 2010). The BREEAM Gulf evaluation 
assesses the execution of an entire building, considering its diverse uses, which suitably 
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reflects the basic practice of blended use structures in the area. This is not the same as 
the UK BREEAM, which examines structures independently (GBC 2011). 
5.6.1.3 Estidama 
 
Estidama was formally propelled on 15 November 2010, following two years of work 
(Saadah, 2011). The Pearls Rating System (PRS), which is part of Estidama, is a ‘shiny’ 
new framework for activities in the UAE. The system has been launched by a gathering 
of governments and private organisations in Abu Dhabi Emirate, including UPC, 
Environmental Agency (EAD), ADM, Masdar City, Al Dar and Sorouh, to adjust the 
authority’s vision in changing Abu Dhabi to become a practical capital. It likewise 
helped in executing Plan 2030’s general standards and its suggestions for the Abu Dhabi 
City future urban advancement (AEC 2007–2008). 
 
The advancement of Estidama was the after-effect of growing fears around the 
environmental challenges due to urbanisation. As previously mentioned, some of the 
challenges include manageability, building execution, ecological effects, and vitality 
utilisation. Estidama, which signifies ‘supportability’ in Arabic, seeks to make rules and 
regulations to guarantee reasonable plans, workings and support of various sorts of 
structures and groups inside the Emirates. The Pearls framework is extraordinary in that 
it unmistakably considers the expanding effects that the carbon footprint and life cycle 
have on the advancement of national tasks. The framework aims at establishing solid 
organisations (Estidama 2010). Towards this end, the Estidama intends to promote more 
feasible urban development mechanism. 
 
Sustainable urban development calls for the adjustment of parameters that will support 
the envisioned growth of an area (Elliott, 2012). The ecological, financial, social and 
social aspects of urban planning ought to be considered when it comes to Abu Dhabi’s 
envisioned development (Saadah 2011). Estidama assists reasonable living and assets by 
largely meeting the expectations of groups, associations, organisations and the approach 
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of producers to further energise a capable choice making that moves Abu Dhabi and the 
locale to being a worldwide sustainability authority (UPC, 2011a). It is the first 
programme of its kind that is customised to the Middle East area (Saadah 2011). 
There are troubles in discovering relevant information against which to benchmark 
execution and enhancements. The agreeable absence of a dependable and sufficiently 
definitive database for benchmarking in the nearby setting, as against universal settings, 
exhibits a few difficulties (Aljaberi and Kumar, 2011). This is an angle which will need 
to be attended to in the methodology to execute Estidama. On the other hand, applying 
Estidama may protect and improve UAE’s physical natural and social character 
(Estidama Team, 2008). 
 
The PRS consists of three main levels. The Pearl Community Rating System, Pearl 
Building Rating System and Pearl Villa Rating System are the main features of this 
spatial data analysis system. According to Nassar (2012), each level has diverse criteria 
and distinctive individual rating framework. To attain to a higher Pearl Rating (2–5 
Pearls), all the compulsory credit prerequisites must be met, alongside a base number of 
acknowledged foci, as indicated below (Nassar, 2012, UPC, 2011a). 
 
 
Figure  5-5 PRS stages 
Source: (Estidama, 2010) 
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Development consummation calls for a rating mechanism with respect to the special 
data collected. In this regard, a Pearls Construction Rating is given. The Construction 
Rating guarantees that the responsibilities made for the design rating have been 
accomplished (Estidama 2010). At the last stage, the operational rating measures the 
inherent qualities and operational execution of a current building (Estidama 2010). This 
phase of certification has not yet been connected (UPC, 2011a), as delineated in 
Figure  5-5. 
 
To help rules and to record the scores given to a building against every standard, a 
spread sheet apparatus has been produced. This spread sheet permits the assessor to 
apply a score to the building configuration, furnishing the outline group with a sign 
regarding how the building configuration is performing against the green building 
appraisal criteria. It gives an outline of the aggregate score and a graphical 
representation of what classes of the building configuration have performed well (UPC 
2008). 
 
The Estimada framework stands out as the most essential ecological tool when it comes 
to sustainable urban development. Estidama incorporates green building techniques and 
a rating framework for new developments. Consequently, an application of Estimada 
will encourage urbanisation and minimise ecological effects. According to Saadah 
(2011), Estidama is just connected to new developments and not to existing structures. 
There are 2500 to 2700 elevated structures in Abu Dhabi Island alone. Power utilisation 
for every family in Abu Dhabi is 10 times the world average. On the other hand, the 
water use rate per capita is 2.5 times the world average (Aljunadi and Alqawasmeh, 
2011). Additionally, existing structures can be moved up to fundamentally lessen their 
vitality and water use, enhance their indoor air quality and build general operation 
efficiencies. 
 
Estimada has its own shortcomings. Following six months of applying the Pearl Rating 
framework in Abu Dhabi, UPC suspended the PRS for private structures and manors as 
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an after-effect of trouble in applying this framework. The regions’ designers, experts 
and building owners could not see how to apply the framework in new undertakings. 
Since May 2011, all new applications submitted to the districts for a new, 1 Pearl estate 
or building have needed to meet the main three overhauled temporary program 
requirements recorded beneath (UPC 2011a): 
a) Minimum interior water use reduction (only particulars for fittings, apparatuses, 
and controllers are needed) 
b) Minimum energy performance (wall and roof protection) 
c) Hazardous materials elimination: (not utilising asbestos containing materials 
(ACMs) and chromate copper arsenate (CCA) treated timber). 
Propelling PRS without a decently enunciated execution arrangement prompted failure 
in accomplishing its goals. Keeping in mind the end goal to reverse this circumstance, 
the UPC must plan a solid fight for the district’s consultants, contractors and public 
(Alsalmi et al., 2013a). The campaign is required to incorporate a distinctive level of 
instructional classes, deciding the genuine expenses and profits of green structures and 
who would get these profits. 
On a separate note, it is vital to steadily apply PRS in a setting like Abu Dhabi. The 
ADM attempted to process new building permits during the first three months of the 
Estimada programme (Alsalmi et al., 2013a). The amassed applications numbered 860, 
pending exchange. Just 50 applications got preparatory approbations. Numerous people 
find Estimada to be troublesome, as they are not acquainted with Green Building Rating 
systems. 
5.6.1.4 Estidama vs. LEED and BREEAM 
 
Estidama’s Pearl Rating framework is focused around both BREAM and LEED (UPC 
2008). PRS has been advanced to support the economic structures in Abu Dhabi’s hot 
desert climate. The PRS is a legal framework created by the Abu Dhabi local 
government. The plan of Estidama is in accordance with the 2030 master arrangement. 
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According to Elgendy (2010), Estimada highlights Abu Dhabi as being vital in 
transforming the city into a habitable area. In this regard, Estimada is seen as an ideal 
framework to illustrate how an area can support habitation without negatively impacting 
the environment (Estidama 2010). 
 
As previously discussed, the LEED was produced by the USGBC. The USBGS is a non-
benefit association committed to economical building outline and development (GBC 
2010). The BRE was a previous UK government foundation before turning into a private 
association, financed by the building industry; BRE established and works BREEAM 
(BREEAM 2011). LEED and BREEAM are primarily the two agents of reasonable 
building rating frameworks, as far and wide as possible. 
 
Compared to the other two rating techniques, Estimada stands out in the sense that it 
accompanies the expert arrangement of Abu Dhabi. LEED and BREAM were not 
legally binding in their original jurisdictions. The Abu Dhabi Executive Council ordered 
that all new groups, structures and estates must attain the base credit necessity of a 1 
Pearl Rating. On the other hand, government supported structures, schools and mosques 
are obliged to accomplish a base 2 Pearl Rating (Saadah 2011). The PRS framework, 
which is a part of Estidama, incorporates necessities like LEED’s and BREEAM’s 
mandatory credits. Consequently, Estimada is seen as an advancement of the two other 
rating systems. 
 
Pearls, LEED and BREEAM have numerous similarities. The three rating frameworks 
are the perceived ‘name’ for confirmation and point-based frameworks, every one of 
them has a principle area that partition into sub-segments, with distinctive credits have 
qualified weights rely on upon its importance. Water and vitality protection are given 
more weight inside the UAE (Saadah 2011). As previously mentioned, Estidama is the 
first programme of its kind that is completely custom-made to the Gulf locale. Despite 
the fact that the Pearl Rating framework is focused around BREAM and LEED, the 
system comprises of various criteria that have been developed particularly for this 
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territory. Figure  5-6 shows the principle classes and their weights in PRS, LEED and 
BREEAM. 
 
Figure  5-6 Weight of different criteria of assessment methods in UAE 
Source: abstracted from (UPC, 2011a, BREEAM, 2011, GBC, 2011)   
The three rating (PRS, LEED and BREEAM) systems have a considerable measure of 
comparable necessity. All the three rating techniques are connected through distinctive 
methodologies, making each of them all the more practical for specific circumstances 
the methodologies include: 
a) Phase of advancement to be guaranteed 
b) Feasibility of gathering evaluation prerequisites 
c) Potential for contracting essential ability. 
The PRS is ideal with respect to the Abu Dhabi improvement codes. Unlike the LEED 
and BREEAM frameworks, which are detached in the rating framework, the arranging 
and construction regulations for the city of Abu Dhabi were redrafted to incorporate 
Estidama’s objectives and the Pearls necessities (UPC 2008). Abu Dhabi is working 
with UPC to create a necessary construction standard that will incorporate various 
manageable criteria. PRS (like the LEED) takes after the American ASHRAE norms 
that are fit for performing both burden and element reproductions (ASHRAE Standard 
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90.1-2007). In BREEAM, there are two classes of endorsed programming for vitality 
execution evaluation (simplified building energy model (SBEM) motor and dynamic 
simulation modelling (DSM)) (Roderick et al., 2009). 
LEED and BREEAM each have two appraisal stages, one at the outline stage and an 
alternative after development is complete. LEED obliges design phase and construction 
phase documentation and surveys, postponing the achievement of any LEED 
accreditation until the culmination of development and making the timetable for 
certificate considerably more lengthy (Rivera, 2009). However, Elgendy (2010) 
contends that LEED is more regular to express the aim and achieve circumspection. This 
implied that the LEED figuring systems and documentation were more thorough, and 
subsequently LEED requires more work to demonstrate accreditation (Elgendy, 2010). 
This has prompted the recognition that LEED ventures need to give more broad 
documentation than BREEAM. PRS have three evaluation stages: design, development 
and operation. The operational stage is special to the PRS. The operational stage checks 
the execution of the building to make sure that it finishes its support capacity objectives. 
BREEAM and LEED were created for the diverse environment of UAE, while Estidama 
was customised for the UAE environment. While LEED and BREEAM have procedures 
and strategies that are not difficult to implement, Estimada needs time and a great deal 
of preparation of all stockholders involved, to attain its objectives. Table  5-2 outlines a 
general examination of natural appraisal techniques used as a part of UAE. 
Table  5-2   General comparison of environmental assessment methods used in UAE 
Subs level Emirates LEED Gulf BREEAM Estidama 
Launched 
year  
October 2007 Oct. 2008 October 2010 
Ratings  Certified/Silver/Gold/ 
Platinum 
Pass/Good/Very 
good/Excellent/ 
Outstanding  
1 Pearl/ 2 Pearl/ 3 
Pearl/ 4 Pearl/ 5 Pearl 
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Subs level Emirates LEED Gulf BREEAM Estidama 
Point 
distribution 
Energy & Atmosphere 
32% 
Water efficiency 10% 
Indoor environmental 
quality 15% 
Ecology 22% 
Materials & Resources 
12% 
Others 9% 
Energy & Atmosphere 
19% 
Water efficiency 30% 
Indoor environmental 
quality 15% 
Ecology 14% 
Materials & Resources 
14% 
Others 8% 
Energy & 
Atmosphere 22% 
Water efficiency 
30% 
Indoor environmental 
quality 15% 
Ecology 15% 
Materials & 
Resources 10% 
Others 5% 
Third party  N/A BRE N/A 
Weighting  All credits equally 
weighting, although the 
number of credits 
related to each issue is a 
de facto weighting 
Applied to each issue 
category (consensus 
based on 
scientific/open 
consultation) 
Water and energy 
conservation to be 
more important 
within the current 
climate of UAE 
Building code Isolated  Isolated PSS embedded in the 
development codes  
Required 
qualification 
Passed exam Competent person 
scheme  
Training scheme and 
competent person 
scheme 
Assessment 
method 
US regulation, 
Performance rating 
method (PRM) based on 
ASHRAE 90.1-2004 
Appendix G 
UK National 
Calculation 
Methodology (NCM) 
based on Approved 
Document PartL2A 
Local calculation 
method based on 
approved document/ 
performance method 
based on ASHRAE 
90.1-2004 Appendix 
G 
 
Process 2 phase review process 
required (design & 
construction) to earn a 
single rating for 1 
certificate 
2 phase review 
process optional 
(design & post 
construction) each 
phase is separated 
certified for a possible 
two certificated with 
different rating  
3 stages of rating 
(design, construction 
& operational)  
Scope of 
assessment 
% of improvement 
based on annual energy 
cost 
Energy Performance 
Certificate (EPC) 
rating: CO2 based 
index 
- 
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Subs level Emirates LEED Gulf BREEAM Estidama 
Simulation 
tool 
Software approved by 
the rating authority and 
subject to requirements 
specified in ASHRAE 
90.1-2004 
Approved software 
interfaces to SBEM 
method Approved 
Dynamic Simulation 
Modelling software 
- 
Max. credit 
level 
performance 
based criteria 
10 points for over 42% 
of improvement 
15 credits for zero 
CO2 index (Net Zero 
CO2 emissions) + 2 
exemplar points for 
innovation 
5 Pearl max 75%  
Min. credit 
level 
performance 
based criteria 
2 points minimum for 
14% of improvement 
1 credit for 63 CO2 
index 
I Pearl min 
mandatory for all 
new building 35%  
Source: abstracted from  (UPC, 2011a, Estidama, 2010,  BREEAM, 2011, GBC, 2011, Elgendy, 2010)   
5.6.2 Environmental Evaluation Routines at the Local Level 
 
The UNEP has been working in the UAE since 1977 (EAD, 2009). The UNDP has a 
neighbourhood office in Abu Dhabi and has striven to reach expectations associated 
with the administration of the UAE; it has been working with national partners on the 
advancement of broad undertakings, while additionally establishing solid associations. 
The UAE office is likewise in charge of UNDP’s operations in Qatar and Oman (UNDP, 
2011). The national system is completely supported by the UAE government, which 
gives the UAE its status as a net contributing country (NCC) (UNDP, 2011). 
 
The system is expected to create neighbourhood capacities and it consolidates a 
substantial gathering of accomplices. The UAE government in partnership with UNDP 
UAE arranged the second UAE MDG report, which was published in 2007. The report 
highlights UAE’s general advances on the monetary and social fronts in the previous 
two decades and presumes that it is focused on MDGs in 2015 (UNDP, 2011). Then 
again, it likewise demonstrates the fields that need a nationally facilitated push to 
achieve MDGs and objectives inside the planned time. 
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MDGs 7 serves as the structure for economic improvement by setting social value 
objectives and foci that will assist financial advancement while guaranteeing natural 
sustainability (UNDP 2011). Under MDG 7, ‘integrating reasonable improvement 
standards into national approaches is discriminating to effective execution and 
advancement of ecological supportability’. Table  5-3  figures the UAE indicators in 
MDGs7 (guaranteed ecological manageability). 
 
Table  5-3   UAE indicators in MDGs7 
Series 1990 1995 2000 2005 2008 
7.1 Proportion of land area covered by 
forest  2.90%   3.70% 3.70%   
7.2 CO2 emissions, thousand metric 
tonnes of CO2 (CDIAC) 52009 70641 112562 115628 155066 
7.2 CO2 emissions, metric tonnes of CO2 
per capita (CDIAC) 27.855 29.05 34.762 28.277 34.574 
7.2 CO2 emissions), kg CO2 per $ 1 GDP 
(PPP) (CDIAC) 0.5474 0.629 0.7787 0.5772 0.6386 
7.2 Energy use (kg Oil equivalent) per 
$1,000 GDP ( Constant 2005 PPP $) 209 243 233 215 241 
Source: (UNDP, 2011) 
UNDP’s focus in the UAE for the period 2008 to 2011 is to make a positive 
commitment towards the accomplishment of the national advancement targets in the 
accompanying zones: gender, social and economic development democratic governance, 
environment and energy. 
 
The WWF advances the idea of a ‘One Planet Future’, where societal and individual 
pressures on our planet are adjusted with those of nature and the assets available, to 
ensure a supportable and fair future (Atkinson et al., 2009). The WWF UAE Project 
Office was secured in February 2001 and it was the first WWF office to be set up in the 
Middle East (WWF-UAE, 2011). Emirates Wildlife Society (EWS) is a close (UAE) 
natural non-administrative association. EWS was built under the support of HH Sheikh 
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Hamdan Zayed Al Nahyan, ruler’s representative in the western locale and chairman of 
EAD (WWF-UAE 2011). EWS meets expectations in its relationship with WWF. EWS-
WWF has started and actualised a few ecological insurance and training activities inside 
the range. 
 
WWF discharged its Living Planet Report on the earth’s wellbeing, teaming up with the 
Zoological Society of London and the Global Footprint Network (WWF, 2010a). The 
Living Planet Report nominated the UAE as the highest environmental footprint per 
individual (WWF 2006; 2008). The implication touches on carbon dioxide emanations 
and water withdrawal rates (WWF 2010). Without uncertainty, the configuration and 
operation of green structures can help restrict these figures and accomplish objectives in 
a more ecologically feasible way. The Living Planet Report assessed that the UAE’s 
biological footprint is 9.5 worldwide hectares per capita. This is more than three times 
higher than the average human’s carbon footprint. Figure  5-7 details the footprint for 
UAE, USA and Australia, taken from the Living Plant Report 2008 and 2010. 
 
Figure  5-7 Footprint for different countries 2008–10 
Source: abstracted (WWF, 2010a) 
From the figure we can note the expanding rate of the UAE’s carbon footprint in 2010 
and 2008: ‘If everybody on the planet existed like a normal UAE occupant, we would 
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require four and a half planets to maintain our ways of life. We just have one planet’, 
said Laila Abdullatif, sustainability organiser of the EWS (Zawaya, 2010). 
 
There is still a level of refusal among the UAE experts; for instance, Dr Jaber Aljabri 
from EAD said ‘Positioning UAE on the planet’s biggest ecological footprint is 
incorrect survey’ (2011).  The extensive biological footprint for UAE is due to increases 
in the encompassing air-temperature, desalination of ocean water and the enormous 
urban improvement which has prompted a huge increase in power use (Aljaberi and 
Kumar, 2011). 
As indicated by Emirates WWF and the UAE Ecological Footprint Initiative (EFI’s), the 
families are the significant contributor, with 57 per cent, emulated by business with 30 
per cent and government with 12 per cent, as appears in Figure  5-8. 
 
Figure  5-8 UAE’s sector footprints 
Source: (WWF-UAE, 2011) 
The EFI is attempting to increase awareness on the rations from our indigenous habitat 
and it has created many activities to support an arrangement to track society’s carbon 
footprint. In addition, awareness is also being increased among younger people, who are 
taught about the need to ration water and are given insight into environmental issues at 
an early age. 
57% 
12% 
30% 
1% 
UAE's Footprint  
Household
Government
BusinessIndustries
Other
CHAPTER FIVE 
120 
 
5.7 Conclusion 
 
The Abu Dhabi government is participating in creating markers for dealing with 
environmental issues and understanding the difficulties experienced from the increase of 
populace in urban areas and towns. Urban organisers and building designers are 
experiencing an absence of data with respect to urban divisions, and that the accessible 
data are insufficient to picture the current circumstances and help authorities investigate 
these conditions, as the initial phase in their approach to recommendations. Considering 
urban capacity at the present time of decision making, it is clear that through these we 
can review sensible periodical changes and see whether they shows progression or 
downsides in the accomplishment of the principle objectives. 
Rapid urbanisation, non-arranged urban development and mechanical extensions have 
increased the pressure on nature. UAE governments and associations all together must 
apply more exertion in diminishing dangers to the natural environment. Built up 
territories are one of the biggest users of resources and subsequently they are the biggest 
creators of environmental Co2 and the consequent global temperature rise and 
environmental change. Use of renewable resources is extremely constrained in Abu 
Dhabi. Accessibility of fossil fuel in the Emirate has to some degree debilitated the hunt 
for renewable resources. Masdar may serve as the establishment for augmenting 
exercises in the fields of making low carbon emanation structures and using renewable 
assets, with the target and objective of decreasing the effect of unnatural weather 
change, the economy or more upgrading of our fabricated surroundings. 
The earth evaluation technique could be further created for improved reasonable 
environment results. Supportability pointers can assume key parts in helping the Abu 
Dhabi government to guarantee the supported achievement of Abu Dhabi city. The 
markers measure the accomplishment of methods, approaches and formative projects 
identified with a particular urban territory. They also furnish leaders with full and 
extensive data about the current condition. They additionally expand the neighbourhood 
individuals’ understanding of the truth behind the city’s advancement. The pointers 
CHAPTER FIVE 
121 
 
likewise speak to the explanatory side of the arrangements, and in light of that, their 
believability and adjustment are basic when chosen as the arranging apparatus. Keeping 
in mind the end goal to have satisfactory pointers, they need to serve as an effective 
guide at the present time. 
5.8 Summary and Link 
 
This chapter has examined the detailed analysis of the case study. This chapter sketched 
out the recent systems executed in Abu Dhabi that point to the reasonable execution of 
the city’s assembled surroundings. The chapter focused on the most imperative markers 
at a building, neighbourhood and provincial level, as a key to the advancement of urban 
communities. The following chapter examines creating Abu Dhabi’s manageable 
indicators. 
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CHAPTER 6: DEVELOPING ABU 
DHABI’S SUSTAINABILITY INDICES 
 
6.1 Introduction 
 
The previous chapter reviewed the status of sustainable development in Abu Dhabi 
Emirate. This included general background in city urban development and summarised 
current assessment methods applied in Abu Dhabi to enhance decisions related to the 
city’s sustainable performance. The previous chapter also investigated the diversity of 
recent indicators at various scales and their targets in assessing Abu Dhabi’s city 
sustainability. 
 
The main aim of this chapter is to evaluate Abu Dhabi’s water, solid waste and energy 
performances under the developed framework and sustainability indicators. In this 
chapter, sustainability indices for water, energy and solid waste sector are developed. 
The chapter consists of three main sections: the first section looks at developing Abu 
Dhabi’s sustainability water index, the second section is on developing Abu Dhabi’s 
sustainability solid waste index, and the final section is about developing Abu Dhabi’s 
sustainability energy index. Each section in this chapter will discuss the method of 
developing a sustainability framework and relevant sets of indicators. It also evaluates 
Abu Dhabi Emirate’s sustainability performance using the proposed sustainability 
indicators. 
6.2 Developing Abu Dhabi’s Water Sustainability Index 
 
Abu Dhabi is surrounded by huge volumes of sea water. Due to the dry climatic 
conditions, the region has high evaporation. The incessant growth in the Emirate’s 
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population has increased water consumption (for both drinking and irrigation purposes). 
Presently, Abu Dhabi records the highest consumption of water globally (Alsalmi et al., 
2013b). While groundwater is over-consumed, waste water is treated and is used for 
non-potable purposes; though only a small of the total requirement is met. 
 
Groundwater is not potable. To this end, the government has huge desalinisation plants 
for purifying the sea water. Consequently, fresh water is supplied to the people of UAE. 
The Emirate’s demanding energy requirements and the undesirable side effects of the 
waste matter produced during the process pose great dangers to marine life (Areiqat and 
Mohamed, 2005). The increasing consumption of water and the government’s 
commitment to supply free potable water to its people adds to the woes. 
 
This chapter delves into working out indicators for water sustainability in the Emirate of 
Abu Dhabi. Considering the literature review as a basis, a framework has been 
anticipated that consists of 18 indicators, which are categorised into four segments; 
namely, accessibility of water, the quality of water, wise consumption of water, and 
policies and their execution. A cause-effect method (DSR) was used to understand 
connection among various indicators. A holistic view of Abu Dhabi’s water cycle was 
considered while selecting the indicators. 
 
An initial examination of these indicators facilitated an assessment of the focal driving 
force of the prevailing system. Such forces included water shortage and increasing 
consumption. The test also suggested certain prospective responses like executing 
policies for increasing the efficiency of water usage. 
 
The purpose of this section is to develop a water sustainability index for Abu Dhabi 
Emirate. The developed indicators can provide reliable guidance to decision making. 
This section reviews the city practice in water aspects, methodology, the development of 
Abu Dhabi’s water index result and a discussion. 
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6.2.1 Background 
 
According to the UN’s World Water Assessment Programme (WWAP), water 
represents a global challenge for the twenty-first century, in the management of 
available water resources and the provision of access to drinking water and sanitation 
(UN, 2010). In January 1992, a group of environmental experts met in Dublin, at the 
Water and the Environment Conference and called for new approaches to the assessment 
and management of water resources (UN, 1992b). The conference came up with four 
guiding principles: 
a) Fresh water is a limited and susceptible natural resource that is significant for 
life, progress and environment. 
b) Policies pertaining to water management should be formulated in consultation 
with end users, planners and policy developers. 
c) Women play a pivotal role in the management and consumption of water. 
d) Water is of great economic importance and should be identified as an economic 
commodity. 
The UN Conference on Environment and Development (UNCED) in Rio in June 1992, 
recommend countries apply this Dublin principle and transfer it to action plans to 
manage their water resources. Agenda 21 Chapter 18 stated that ‘integrated water 
resource management is based on the perception of water as an integral part of the 
ecosystem, a natural resource and a social and economic good, whose quantity and 
quality determine the nature of its utilisation’ (UN, 1992a). 
6.2.2 Water Practices in Abu Dhabi Emirate 
 
As discussed in previous chapter, Abu Dhabi Emirate is the capital of the UAE. It had a 
population of 2,120,800 in 2011and occupies an area of 67,340 km², comprised of three 
regions: Abu Dhabi, Al Ain and Al Gharbia. The Abu Dhabi Emirate faces serious 
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problems related to water resources, both in terms of supply and demand. The Emirate 
has a very dry climate with low rainfall and a high evaporation rate, which results in 
scarce water availability. Additionally, Abu Dhabi records the highest consumption of 
water globally. 
 
In 2011, Mekonnen studied the world water footprint, estimating the annual per capita 
water consumption for different countries. Figure  6-1 shows the average water footprint 
in the world between 1996 and 2005. The world’s average water footprint is 1,385 
m³/yr. Countries shown in green have a water footprint that is lower than the global 
average, and counties in yellow-to-red have a water footprint larger than the global 
average (Mekonnen and Hoekstra, 2011); UAE water footprint is one of the highest in 
the world: 3,136 m³/year/capita. In comparison, the water footprint of USA is 2,842 
m³/year/capita, and the water footprint of Australia is 2,315 m³/year/capita (Mekonnen 
and Hoekstra, 2011). 
 
Figure  6-1 Water footprint by country (m3/year/capita) 
Source: (Mekonnen and Hoekstra, 2011) 
Figure  6-2 shows a map of water availability in the world according to the study 
developed by Falkenmark et al. (2009). Countries shown in green have no stress in 
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water availability, while countries in yellow have water scarcity, and the countries in 
dark red, like UAE, have an extreme water scarcity. 
 
 Figure  6-2  Fresh water availability by county 
Source: (Falkenmark and Rockstrom 2004) 
Abu Dhabi Emirate uses water from three main resources: groundwater (64%), treated 
sewage effluent (7%), and desalination (29%) (Dawoud, 2012), as illustrated in 
Figure  6-3; the situation of each of these sources is described below. 
 
Figure  6-3 Emirate of Abu Dhabi’s sources of water 2012  
Groundwater 
64% 
Treated sewage  
7% 
Desalination 
29% 
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Source: (Dawoud, 2012) 
 
6.2.2.1 Groundwater 
 
According to Abu Dhabi Environmental Agency, groundwater levels have been 
extensively lowered due to overexploitation of groundwater, mainly for agricultural 
purposes, and to decreased rainfall. Abu Dhabi Emirate’s groundwater resources are 
almost non-renewable, due to the very low recharge and high consumption rates. 
Moreover, The Groundwater Assessment Project (GWAP) estimated that seven per cent 
of the groundwater in the Emirates is fresh and 93 per cent is brackish water. Natural 
groundwater renewal accounts only for 300 million m³/year (Dawoud, 2008). On the 
other hand, groundwater withdrawals total over 3,400 million m³/year (Dawoud, 2008). 
This is a serious problem, as groundwater sources supply approximately 64 per cent of 
the water consumption on the UAE (Dawoud, 2012). 
 
Groundwater occurs in the Emirate as either fresh and brackish, and contributes 63.62 
per cent of the total Emirate water demand in 2011 (Dawoud, 2012); groundwater is 
used mainly for agriculture in Al Ain and the western region (Al Gharbia) of the 
Emirate, as detailed in Figure  6-4, the figure also illustrates the massive amount of loess 
water, mainly from poor management of groundwater. In the Abu Dhabi region, 
groundwater is of poor quality and there is no groundwater use. Most groundwater is 
highly saline due to seawater intrusion and there is no groundwater aquifer system, so 
the desalination of seawater is the main source of water in the city (Dawoud, 2012). 
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Figure  6-4 Groundwater use in Abu Dhabi Emirate 
Source:(Dawoud, 2012) 
Agriculture is the main consumption sector of groundwater. Domestic groundwater 
consumption is very small, because of declining water quality and the increased 
pumping cost of groundwater (Pitman et al., 2009). 
6.2.2.2 Treated Sewage Effluent 
 
The Emirate owns 28 sewage treatment plants, with a treatment capacity of 430,000 m³ 
of sewage each day per plant (EAD, 2006). The sources of wastewater are mainly from 
domestic, industry and rainfall. The total wastewater generated is 219.6 m³/year, and it 
is of high quality (Absal, 2009). Treated sewage effluent contributes to seven per cent of 
the total water demand in the Emirate (Dawoud, 2012). The government uses 60 per 
cent of treated wastewater for urban landscaping, irrigation and plantation purposes 
only, while 40 per cent is discharged to the environment. 
6.2.2.3 Desalination 
 
In Abu Dhabi Emirate there are eight seawater desalination plants, with a capacity of 
around 742 Million m³/year. Water from desalination plants accounts for 29 per cent of 
the water demand. Seawater desalination, however, presents some problems. First, the 
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cost of sea water desalination is extremely high. Second, it is an intensive energy 
consuming process to run (Dawoud and Mulla, 2012). In addition to that, effluents from 
the desalination process adversely affect marine life, especially in vicinity of the 
treatment plants (Areiqat and Mohamed, 2005). 
 
Figure  6-5 Consumption of desalinated water (MIG) in Abu Dhabi Emirate 
Source: (SCAD, 2011) 
These figures are concerning, as desalination may increase in the future as a source of 
water in Abu Dhabi. The growth in desalination water demand in different regions in 
Abu Dhabi Emirate from 2009 to 2011 is elaborated in Figure  6-5. The Abu Dhabi 
region demands 62 per cent of total desalination, followed by Al Ain region with 27 per 
cent, and then Al Gharbia with 11 per cent (Dawoud, 2008, SCAD, 2011). Per capita, 
Abu Dhabi region consumes 1239 litre per day, while Al Ain region and Al Gharbia 
region consume 1213, 1334 litres per day, respectively. 
 
Figure  6-6 illustrates desalinated water consumption by sector in Abu Dhabi Emirates in 
2011, the domestic sector accounts for 57 per cent, government 22 per cent and 
commercial 15.5 per cent (SCAD, 2011). The graph shows fluctuations in domestic 
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consumption of desalinated water and increases in commercial and government 
desalination water consumption. Moreover, there is not so much water consumption for 
irrigation, as this water for irrigation mainly comes from groundwater. 
 
Figure  6-6  Abu Dhabi Emirate percentage of desalinated water consumption by sector 2008–2011 
Source: (Dawoud, 2012) 
6.2.3 Identifying Water Sustainability Indicators 
 
As explained in methodology chapter, there are several approaches and frameworks for 
developing indicators. The present study has adopted the PSR framework. It considers 
that pressures (water consumption, population growth, etc.) and effects on the 
environment, changing its state (e.g., quality and quantity of water), and that society 
responds to these changes (e.g., through policies or new behaviour). 
 
Sustainability indicators are a tool that measure a particular aspect of sustainable 
development in a way that is easy to understand and communicate, enabling monitoring 
and then the implementation management process (Hernández-Moreno and Hoyos-
Martínez, 2010).The selection of an index’s indicators is commonly done through a 
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literature review on previous sustainability frameworks and an existing set of indicators 
(Juwana et al., 2012). The development of the Abu Dhabi Water Sustainability Index 
(ADWSI) was based on selected indicators from a large overview of water indicators in 
the literature, such as: 
x City Blueprint: Van Leeuwen (2012), developed City Blueprint index. The index 
proposed to assess the sustainability of the city’s water. The proposed framework 
contains eight categories with 24 indicators. The paper provides good steps to 
build city water indicators, starting from evaluating the city’s performance and 
ending with an important of review and modifying the indicators. The proposed 
index was implemented in 12 cities as a case study, including Rotterdam, 
Maastricht and Venlo (Van Leeuwen et al., 2012). The article argued that the 
City Blueprints index is a powerful tool that allows cities to benefit from other 
cities’ pest practice. 
x The Water Sustainability Index for West Java in Indonesia: Jawana (2012) 
developed the West Java Water Sustainability Index (WJWI) on the basis of a 
number of indices. These include the Canadian Water sustainability Index 
(CWSI) and the Water Shed Sustainability index (WSI). The proposed 
framework contains five categories and 12 indicators. Using a Delphi survey and 
based on feedback from the water’s stakeholders in the area, the index was 
updated and finalised (Juwana et al., 2010). 
x Water Poverty Index (WPI): Sullivan (2003) discussed the water poverty index, 
WPI that attempts to seek out the relationship between poverty and water issues 
(Juwana et al., 2010). This paper examined WPI implementation in pilot areas in 
three countries, using the index’s 21 indicators under the five categories of: 
access to water; water quantity, quality and variability; water uses; capacity for 
water management; environmental. The outcome from this study proved that the 
index can be used at the community level as a simple, open and transparent tool 
for decision making (Sullivan et al., 2003, Sullivan and Meigh, 2007). 
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x Water Needs Index: Moglia (2008) developed the Water Needs Index of South 
Asia. The index has been mainly developed based on the Climate Vulnerability 
Index, which is an extension of WPI .The six categories of this index are: 
resources, access to water; capacity; water uses; capacity for water management; 
environment and vulnerability. The index was workshopped to identify 
dimensions, indicators and to discuss water issues with key stakeholders (Moglia 
et al., 2012, Moglia et al., 2008). 
x The WSI: Chaves (2007) developed the WSI that includes four categories: 
hydrologic, environmental, life and water policy, built on a PSR approach. WSI 
is applied to watersheds in southern Brazil (Chaves and Alipaz, 2007). 
x CWSI: The Policy Research Initiative (PRI) (2007) developed the CWSA to 
evaluate community wellbeing; the 15 indicators are categorised under five 
categories: recourses, ecosystem health, infrastructure, human health and 
capacity (PRI, 2007). 
x Green Cities Index: this assessed the environmental impact of Asian, European 
and Latin American major cities through several themes, including water. In 
Asia’s Green Cities Index, water indicators were water consumption per capita, 
percentage of water system leakages, water quality policy and water 
sustainability policy. The overall results ranked Singapore, Tokyo and 
Yokohama as well above average. In Europe, the water indicators were: water 
consumption per capita, percentage of water lost in the water distribution system, 
percentage of dwellings connected to the sewage system and water efficiency 
and treatment policies. Amsterdam was the first in water category, scoring 9.21 
out of 10 (Boselli et al., 2011, Shields and Langer, 2009). 
While there are a large number of indicators available in the literature, it remains 
difficult to tailor specific indices for specific areas; the large number of indicators must 
be filtered to achieve controllable indicators, the number of indicators were depend on 
the concern aspect in the area. 
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6.2.4 Abu Dhabi’s Water Sustainability Index 
 
There is no clear set of indicators to evaluate urban water sustainability (Van Leeuwen 
et al., 2012). The developed indicators covered the main water challenges and concerns 
in Abu Dhabi Emirate, detailed in the following sections. 
6.2.4.1 Water Availability 
 
According to Falkenmark and Rockstrom (2004), ideally a person needs as much as 
1,700 m³ of water/year to support life, while below 1,000 m³/person/year water 
availability becomes scarce. The minimum requirement is 500 m³ of water/person/year, 
and below this level the water will be extremely scarce, as illustrated in Table  6-1 
(Falkenmark and Rockstrom, 2004), In Abu Dhabi Emirate, per capita fresh renewable 
water availability is almost 83 m3; this will be discussed in more detail in the next 
section. 
Table  6-1   Falkenmark stress measurement 
Water (m³/capita) Stress condition 
>1700 No stress 
1,000–1,700 Stress 
500–1,000 Scarcity 
<500 Extremely scarce 
Source: (Falkenmark and Rockstrom, 2004) 
6.2.4.2 Water Quality 
 
Water quality is a state indicator that usually refers to the physical, chemical, biological 
and organoleptic properties of the water (UN, 2010). Based on the literature review, 
water quality is calculated by the concentration of chemicals and microbiological 
criteria, based on the Abu Dhabi Water Quality Regulations 2009 and international 
CHAPTER SIX 
134 
 
standards, such as those of the World Health Organization (WHO). In this study, we 
assessed the quality of groundwater, drinking water and sea water, as below. 
 
Drinking water quality. Desalinated sea water is the main source of potable water in the 
area. It is very important to evaluate the quality of water for safe human drinking and 
whether it meets international standards. Abu Dhabi standards are aligned with 
international standards, as illustrated in Table  6-2, which compares the Abu Dhabi 
Water Quality Regulations with the WHO drinking water guidelines for the EU and US 
standards (USEPA). 
Table  6-2   Comparison of international standards for water quality 
Parameter Abu Dhabi WQR WHO EU USEPA 
Total dissolved 
solids 
100-1000 μg/l 600-1000 μg/l 1000 μg/l 500 μg/l 
Ammonia 0.5μg/l 1.5 μg/l 0.5 μg/l No Gl 
pH 7-9.2 6.5-8 No Gl 6.5-8.5 
Chloride 250 μg/l 250 μg/l 250 μg/l 250 μg/l 
Iron 0.2 μg/l 0.3 μg/l 0.2 μg/l 0.3 μg/l 
Copper 1 μg/l 2.0 μg/l 2.0 μg/l 1.3 μg/l 
Faecal coliform 0 counts/ 100 μl 0 counts/ 100 μl 0 counts/ 100 μl 0 counts/ 100 
μl 
Source: (GEMS, 2007, ADRSB, 2010, EPA, 2012b) 
  
It can be observed for the data in the table that all parameters in Abu Dhabi’s drinking 
water standard are higher than, or meet the international standards. 
 
Groundwater quality. One of the important considerations in Abu Dhabi Emirate’s 
groundwater is the potential for pollution, mainly by nitrates (nitrogen/nutrient) 
(Dawoud, 2008); this due to the intensive use of inorganic fertilisers in agriculture. To 
manage the nitrogen concentration, the ‘quality of groundwater: nitrates concentration’ 
indicator has been selected as the quality parameter for groundwater. The Water Quality 
Index in the Environmental Performance Index (IEP) (2010) used 1 μg/l as a target to 
assess total nitrate concentration in water (Emerson et al., 2010). 
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Secondly, salinity is described in terms of the concentration and state of the material 
present in the water, together with certain physical characteristics of the water (Bartram 
and Ballance, 1996). Salt enters groundwater naturally through dissolution of soil and 
through human such as irrigation, fertilisers, manure and wastewater treatment (GAMA, 
2010). The salinity levels increase sharply in Abu Dhabi Emirate’s western region 
(Dawoud, 2008). Increases in the salinity of groundwater leads to increases in the 
amount of dissolved material in water, such as nitrate and boron (Dawoud, 2008). This 
indicator is therefore critical for the area. According to the California Water Resources 
Control Board, the natural value of TDS in groundwater is 100 to 50,000 mg/l (GAMA, 
2010). 
 
Sea water quality. Sea water quality is critical for marine life and the environment, as 
mentioned previously; desalination effluents seriously affect the quality of sea water, 
particularly by increasing the temperature of the water in the surroundings of 
desalination plants. The proposed indicators for the quality of sea water are related to 
salinity, and concentrations of copper and chlorine. These indicators increased in the 
study area as a result of the discharge of daily high concentrations of salt in the sea. The 
USA Environmental Protection Agency (EPA) recommends that the salinity variation 
from natural levels should not exceed four units (Andrea Cipollina et al., 2009). 
Moreover, the USA EPA recommendation for copper concentration in sea water is 4.8 
μg Cu/l for brief exposures and 3.1 for long exposures, with chlorine at a long term 
criterion of 7.5 μg/L and a short term criterion of 13 μg/L (Andrea Cipollina et al., 2009, 
EPA, 2012b). In addition, sea water temperature is another key indicator. Changes in the 
temperature of sea water may affect many parameters, such as the amount of dissolved 
oxygen in the water. The average temperature of the Gulf Sea is 35 degrees celsius (°C) 
in summer. Desalination plants raise the temperature level of the water in its vicinity by 
about seven to eight °C above the ambient conditions (Dawoud and Mulla, 2012). 
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6.2.4.3 Water Use Efficiency 
 
These indicators measure the efficiency of water use for different purposes, including 
water consumption and re-use. According to the World Meteorological Organization 
(WMO), a high degree of over-subscription is indicated when water use is more than 40 
per cent of available resources (Juwana, 2010, WMO, 1997, Emerson et al., 2010). 
 
The selected indicators show the pressure on water consumption, both within sectors 
and across user groups. They also depict the proportion of waste water that is treated and 
reused. According to the Asian Green City Index, the average wastewater treatment is 
60 per cent for the main cities in Asia, while Tokyo treats all of its wastewater (Boselli 
et al., 2011). 
To evaluate the sewage network coverage, ‘percentage of dwellings connected to the 
sewage system’ indicator was recommended in this study. This indicator is important for 
assessing the city health that controls the possibility of diseases being present in the 
wastewater and has been used in almost all water indices. The Europe Green Water 
Index scored against an upper benchmark of 100 per cent and a lower benchmark of 80 
per cent (Shields and Langer, 2009). 
Another important recommended indicator is the ‘percentage of water leakage’; this 
measure the water lost during the distribution cycle. According to the Asian Green City 
Index, the average water leakage rate in Asian cities is 22 per cent. The Asian Index 
benchmark scored zero-max; a lower benchmark of 45 per cent was inserted to prevent 
outliers (Boselli et al., 2011). In contrast, the average water leakage rate in Europe is 
about 23 per cent, with the index scoring an upper target of five per cent (Shields and 
Langer, 2009). 
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6.2.4.4 Policy and Governance 
 
Measuring a city’s policy and governance are commonly used indicators. These 
response indicators provide a clear image of the government mechanism’s to manage the 
city’s water, to achieve sustainability and observe environmental performance; these 
include enhancing water quality, improving water use efficiency, regulating different 
laws, and resident participation in environmental decisions. 
Table  6-3 presents the initial proposed indicators as a result of this process; these 
indicators are categorised into four segments; namely, accessibility of water, the quality 
of water, wise consumption of water, and policies and their execution. Each indicator is 
described in terms of its scope, unit of measurement, position in the PSR framework, 
scale based on benchmarking, available data for Abu Dhabi, and a preliminary 
qualitative score indication, and the references in which the data or concepts are based. 
These indicators are discussed in the following section. 
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Table  6-3    Initially proposed Abu Dhabi’s water sustainability index 
Sustainability indicators Unit DSR 
Scale 
Abu Dhabi Data 
Abu 
Dhabi 
score 
References 
Max Min 
Water availability        
Per capita fresh renewable water 
availability: “considering natural 
renewable water sources “ 
m³/ 
cap /
year 
D 1700 500 83 
 
(Juwana et al., 
2010; PRI, 2007 
; Chaves, 2007) 
Water Quality        
Quality of drinking water: “% meeting the 
WHO + Abu Dhabi water quality 
guidelines “ 
% S 100 Ζ 95% 
 
(Leeuwan,  2012;  
Juwana et al., 
2010; Ghoussaini, 
2012) 
Quality of sea water: “Copper 
concentration in Desalination Plants 
vicinity” 
μg 
Cu/l  S 4.8   < 0.01  
(Lattemann 2008, 
Tapco, 2013) 
Quality of sea water:  “chlorine 
Concentration in Desalination Plants 
vicinity” 
μg/l  S 7.5  Ζ  
0.15 - 0.2, it is controlled 
by (Tapco) injection 
dosing 
 
(Lattemann,  2008; 
Tapco, 2013) 
Quality of sea water: “salinity in 
Desalination Plants vicinity” μg/l  S Ά4 Ζ  
Gulf water salinity is ≈ 
45, the desalination 
increases this level in its 
vicinity by about 5 to 10  
 
 (Dawoud, 2013) 
Sea water temperature “in Desalination 
Plants vicinity” °C S Ζ Ζ 
35 °C. desalination plants 
increase in the temp. in 
its vicinity by about 8 to 
10 °C above the ambient 
condition 
 
(Tapco,  2013) 
 
Water use efficiency        
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Sustainability indicators Unit DSR 
Scale 
Abu Dhabi Data 
Abu 
Dhabi 
score 
References 
Max Min 
Quality of groundwater: 
“Nitrogen/Nutrients concentration meeting 
the water quality Index” 
μg/ l  S 
NO3:
50 
NO΍: 
0.1  
Ζ  Nitrogen 5 - 80ppm  (Water quality Index,  2010) 
Quality of groundwater: “salinity 
concentration”  μg/l  S 
50,00
0 100 70,000 -800  (GAMA,  2010) 
Annual water consumption as percentage 
of total available water 
m³ 
/year D 40%  
ranked 142 in water 
Stress index with score of 
10 out of 100 
 
(Boselli et al., 2011, 
Dawoud , 2013; 
Water stress index; 
PRI, 2007) 
Per capita Daily Domestic water 
consumption (nationality& property type) 
litres/
Cap/
day 
D 500 100 
 Non-Nationals Flats 160 
- 220, Non-nationals Vila 
270 - 730, Nationals Flats 
165, Nationals Vila 460 -
1.760 
 
(Boselli et al., 2011) 
Per capita Daily water consumption  
litres/
Cap/
day 
D 500 100 1000 
 
(Boselli et al., 2011) 
Water Consumption per sector  % D Ζ Ζ irrigation75% industry 2%, domestic 23%  
(Donatiello, 2001, 
2001;  Dawoud 
2012) 
Percentage of dwellings connected to the 
sewage system % S/R 100% 80% 95%  
(Shields and 
Langer, 2009; 
Juwana et al., 
2010) 
Percentage of total wastewater treated  % R 100% 60% 95% 
 
(Boselli et al., 2011;  
Dawoud 2013) 
Percentage of total treated wastewater used % R     60% (40% discharge to environment)  (Dawoud, 2013) 
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Sustainability indicators Unit DSR 
Scale 
Abu Dhabi Data 
Abu 
Dhabi 
score 
References 
Max Min 
Water system leakages: “Percentage of 
water lost in the distribution system (Main 
Pipelines+ Dist network)” 
% S/R 35% 5% 13% 
 
(Leeuwan, 2012/ 
Boselli et al., 2011;  
Shields and Langer, 
2009;  Ghoussaini, 
2012) 
Policy and Governance        
Public participation % R 100%   17 
 
(Leeuwan 2012, 
Juwana 2012) 
Measure of a government policy  % R 100%   67% 
 
(Leeuwan 2012, 
Juwana et al., 2010;  
Shields and Langer, 
2009) 
Usage Tariff: “Percentage of total 
population paying direct or indirect for 
water usage” 
% S 100%   78% 
 
(Juwana et al., 
2010;  Dawoud, 
2013) 
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6.2.5 Application of Delphi Technique in Setting Water 
Indicators 
 
As discussed in the methodology chapter, using this technique is part of the process for 
validating the proposed sustainability indicators and assessing their weights. Delphi is a 
technique that aims at reaching consensus among selected experts. A number of decision 
makers, specialists and experts in water management were invited to verify the 
developed indicators. From the multiple responses from each sector, the importance and 
rank of each indicator was assessed. 
6.2.5.1 Round One Questionnaire 
 
Water index components. The responses from respondents on the component-related 
questions are shown in Figure  6-7.  This shows that for all of the proposed components, 
93 per cent or more of the respondents agreed (they chose 4 or 5 on the 5-point Likert-
scale) and none of the respondents disagreed. A consensus is considered to be achieved 
if more than 67 per cent of the respondents agreed. It shows that 100 per cent of the 
respondents agreed on the component of water use efficiency (they chose 4 or 5 on the 
5-point Likert-scale), whereas for water availability, water quality and policy and 
governance 96 per cent, 96 per cent and 93 per cent of the respondents agreed, 
respectively. 
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Figure  6-7 Percentage of responses agreed on components indicators 
For the components, none of the respondents disagreed and for the components of water 
availability, water quality and policy and governance 3.5, 3.5 and seven percent 
respectively, had a neutral response. 
 
Indicators. Responses to the initially identified indicators of Abu Dhabi’s water are 
shown in Figure  6-8 . It shows that more than 67 per cent of the respondents answered 4 
or 5 on the 5- point Likert-scale for 18 indicators; namely, per capita fresh water 
availability considering natural renewable water sources, quality of drinking water, 
quality of sea water (μg/l)–copper concentration, quality of sea water (μg/l)–chlorine 
concentration, quality of sea water (μg/l)–salinity, quality of groundwater–nutrients 
concentration, quality of groundwater–salinity concentration, annual water consumption 
as percentage of total available water, disparities, household water use for each income 
group, per capita daily water consumption, water consumption per sector (industrial, 
residential, commercial, agricultural), percentage of dwellings connected to the sewage 
system, percentage of total wastewater treated, percentage of total treated wastewater 
used, water system leakages, usage tariff, measure of a government policy towards 
manage water resource, use efficiently and treatment and public participation. The 
figure also shows that for the indictor ‘sea water temperature’, only 63 per cent of the 
respondents agreed on the component (they chose 4 or 5 on the 5-point Likert-scale). As 
67 
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the percentages of this indicator fell below 67 per cent, this indicator was taken into 
Round Two of the Delphi application. 
 
Figure  6-8 Percentage of responses agreed on indicators 
Importance of indicators. The responses from respondents on the importance of each 
indicator are shown in Figure  6-9. It shows that the indicator ‘quality of drinking water’ 
was rated with the highest importance, with an average of 9.4 (on the 10-point Likert-
scale) followed (in order) by ‘annual water consumption as percentage of total available 
water’, ‘water system leakages’ and ‘measure of a government policy towards managing 
water resource, use efficiently and treatment’, with 9.3, nine and nine per cent 
respectively. The indicator of ‘sea water temperature’ was rated as being of lowest 
importance, with an average of 7.5 per cent. 
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Figure  6-9 Responses on the degree of importance of indicators 
Based on the results from Round One, the conceptual framework for Abu Dhabi’s water 
was modified. This modified framework was then brought to the next round of the 
Delphi application. The modified framework in Table  6-4 incorporated suggestions from 
Round One to correspond with the four components: water availability, water quality, 
water use efficiency and policy and governance. It also includes modified indicators 
suggested in Round One; the indicator ‘usage tariff’ was moved to the policy and 
governance component and the indicator ‘public participant’ was modified to include 
community awareness and education programmes. 
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Table  6-4    Proposed framework after Round One 
Category Indicator  Unit Threshold 
value 
 Max Min 
Availability Per capita renewable water availability 
considering natural renewable water sources  
m³/capita/year 1700 500 
Quality Quality of drinking water “%meeting the 
WHO+ Abu Dhabi water quality guidelines” 
% 100 - 
Quality of sea water “copper concentration in 
desalination plants vicinity” 
μg/l 4.8 - 
Quality of sea water “chlorine Concentration 
(in desalination plants vicinity” 
μg/l 7.5 - 
Quality of sea water “salinity in desalination 
plants vicinity” 
Ppm +4 
unit 
- 
Quality of groundwater “nutrients 
concentration” 
Ppm 80 5 
Quality of groundwater “salinity 
concentration “ 
μg/l 50000 100 
use 
efficiency 
Annual water consumption as percentage of 
total available water 
% 40% - 
Disparities: “household water use for each 
income group” 
litres/Capita/day 500 100 
Per capita daily water consumption  litres/Capita/day 500 100 
Identification of the water consumption per 
sector (industrial, residential, commercial, 
agricultural) 
Score Yes No 
Percentage of dwellings connected to the 
sewage system 
% 100  
Percentage of total wastewater treated  % 100 80 
Percentage of total treated wastewater used % 100  
Water system leakages: “percentage of water 
lost in the distribution system (main pipelines 
+dist network)” 
% 23 5 
Policy and 
governance 
Usage tariff: “percentage of total population 
paying direct or indirect for water usage” 
% 100 - 
Measure of a government policy towards 
manage water resource, use efficiently and 
treatment  
Score 10 0 
Public participation Score 10 0 
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6.2.5.2 Round Two Questionnaire 
The first round of the survey (STEC-58-2012-ALSALMI) was completed in 2013. This 
survey is part of the process for validating the proposed sustainability indicators and 
assessing their weights for Abu Dhabi’s built environment. After completing the first 
round of the project, a new round has been proposed to interview the key participants in 
the research, and to finalise the recommendations for the development of a framework 
of sustainability indicators for the city of Abu Dhabi. 
 
Components. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s water sustainability components, and if they agreed with the structure 
components. The responses from respondents on the component-related questions show 
that 100 per cent of the respondents agreed (they chose 4 or 5 on the 5-point Likert-
scale) and none of the respondents disagreed. 
 
Indicators. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s water sustainability indicators, and if they agreed with the ‘sea water 
temperature (in desalination plants vicinity) indicator’ being removed from the Abu 
Dhabi’s water sustainability indicators. Three out of four participants agreed to remove 
this indicator from the Abu Dhabi’s water sustainability indicators list. One participant 
disagreed about removing the sea water temperature from the list. The respondents 
believed that the sea water temperature plays a major part in the eco balance of marine 
organisms. However, since only one participant disagreed, while the other three agreed, 
the indicator has been removed from the list. 
 
Thresholds. The respondents in this section were asked to assess the proposed 
thresholds, and if they agreed with the proposed threshold for respective indicators. The 
responses from respondents on the threshold-related questions show that all respondents 
agreed, and answered 4 or 5 on the 5-point Likert-scale, on the threshold for respective 
indicators; namely, per capita fresh water availability considering natural renewable 
water sources, quality of drinking water, quality of groundwater–nutrients concentration, 
concentration, annual water consumption as percentage of total available water, 
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disparities, household water use for each income group, per capita daily water 
consumption, water consumption per sector (industrial, residential, commercial, 
agricultural), percentage of dwellings connected to the sewage system, percentage of 
total wastewater treated, water system leakages and usage tariff. 
 
The thresholds of some indicators have been modified, based on the respondents’ 
experience and standards used in Abu Dhabi Emirate. A copy of updated standards for 
water quality has been provided. Based on these standards the following thresholds were 
modified: ‘quality of groundwater salinity concentration’ to max value 60,000 and min 
value 700 μg/l. ‘Quality of sea water (μg/l)–copper concentration’, ‘quality of sea water 
(μg/l)–chlorine concentration’, and ‘quality of sea water (μg/l)–salinity’ to the following 
value: max value 0.5(μg/l), max value 0.15(μg/l) and 45000–40000 ppm respectively. 
 
The following indicators had neutral responses from one or two out of four participants, 
the neutral responses are due to the uncertainty of the actual values of the thresholds for 
respective indicators. These included the following indicators: ‘percentage of total 
treated wastewater used’, ‘measure of a government policy towards manages water 
resource, use efficiently and treatment’ and ‘public participation’. 
 
The Abu Dhabi’s water index was enhanced, as presented in Table  6-5. The modified 
framework built-in recommendation from Round Two to correspond with the four 
components: water availability, water quality, water use efficiency and policy and 
governance. The indicator ‘water system leakages: percentage of water lost in the 
distribution system’ was renamed based on the participants’ suggestion to ‘water system 
losses’, to include all type of water being lost. The new framework also includes 
modified thresholds, as suggested in Round Two. 
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Table  6-5  Final Abu Dhabi’s water sustainability index 
No  Sustainability indicators  DSR 
Thresholds 
Actual  Score Weight Final score 
Spatial Ref 
    Max Min √ x   
   Availability                 
  
1 
Per capita fresh water availability 
considering natural water sources 
(m³/capita/year) 
D 1700 500 83 0 0.026 0.00 X 
(Juwana et al., 
2010;  PRI, 2007; 
Chaves2007, 
Dawoud,  2013) 
  Quality                 
2 
Quality of drinking water: “% 
meeting the WHO+ Abu Dhabi 
water quality guidelines”  
S 100 Ζ 95 95 0.126 11.96 X 
(Leeuwan, 2012, 
Juwana et al., 2010, 
Ghoussaini, 2012) 
3 
Quality of sea water “Copper 
(Permissible emission limits for 
aqueous discharges into marine 
environment) (μg/l) “ 
S 0.5   < 0.01 100 0.017 1.68 X 
(Lattemann 2008, 
EAD standard 
2014Tapco, 2013) 
4 
Quality of sea water: “Chlorine 
Residual (Permissible emission 
limits for aqueous discharges into 
marine environment) μg/l “ 
S 0.15   0.15 - 0.2  0 0.026 0.00 X 
Lattemann 2008, 
Tapco (Taweela 
desalinated plant) 
2013 
5 Quality of sea water salinity ppm S 45000 40000 ≤45000 10  0.046 0.69 √ 
EAD standard 
2014, Dawoud 
2013  
6 Quality of groundwater Nutrients concentration μg/l  S 45 5 80 -5 10  0.026 0.26 √ 
Water quality Index 
2010 
7 Quality of groundwater salinity concentration μg/l  S 60,000 700 
70,000 
-800 10  0.046 0.46 √ 
(GAMA 2010;  
Dawoud 2013 ) 
  Water use efficiency                   
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No  Sustainability indicators  DSR 
Thresholds 
Actual  Score Weight Final score 
Spatial Ref 
    Max Min √ x   
8 Annual water consumption as percentage of total available water P 40%   100 0 0.126 0.00 X 
(Boselli et al., 2011, 
Dawoud , 2013; 
PRI, 2007) 
9 
Disparities: “household water use 
for each income group (nationality 
& property type) litres/Capita/day” 
D 500 100 
 Non-N 
Flats 160 
- 220, 
Non_N 
villa 270 
- 730, N 
Flats 
165, N 
villa 460 
-1.760 
40 0.046 1.83 √ (Boselli et al., 2011;  ADRSB, 2009) 
10 Per capita daily water consumption in litres D 500 100 1000 0 0.078 0.00 √ 
(Boselli et al., 
2011) 
11 
Identification of the water 
consumption per sector (industrial, 
residential, commercial, agricultural, 
etc.) 
D Yes NO Yes 100 0.046 4.57 √ 
(Donatiello, 2001, 
2001,  Dawoud,  
2012) 
12 Percentage of dwellings connected to the sewage system S/R 100   95 95 0.026 2.50 √ 
(Shields and 
Langer, 2009;  
Juwana et al., 2010) 
13 Percentage of total wastewater treated  R 100 80 100 100 0.078 7.81 X 
(Boselli et al., 2011, 
Dawoud , 2013) 
14 Percentage of total treated wastewater used R 100   60% 60 0.078 4.69 X (Dawoud, 2013) 
15 
Water system loses: “percentage of 
water lost in the distribution system 
(Main pipelines +Dist network” 
S/R 23 5 13% 44 0.078 3.44 X 
(Leeuwan, 2012; 
Shields and Langer, 
2009;  Ghoussaini, 
2012) 
  Policy and governance                 
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No  Sustainability indicators  DSR 
Thresholds 
Actual  Score Weight Final score 
Spatial Ref 
    Max Min √ x   
16 
Usage tariff: “percentage of total 
population paying direct or indirect 
for water usage” 
S/R 100   78 78 0.026 2.06 √ 
(Juwana et al., 
2010;  Dawoud 
2013) 
17 
Measure of a government policy 
“towards manage water resource, 
use efficiently and treatment “ 
R 100 10 67 67 0.078 5.23 X (Leeuwan, 2010; Juwana et al., 2010) 
18 
Public participation: “measure of the 
public engagement in activities of 
water use efficiency and 
management of water resources 
included (awareness and education 
program)” 
R 100 10 17 17 0.026 0.45 x 
(Leeuwan 2012, 
Juwana et al., 2010;  
Shields and Langer, 
2009; Boselli et al., 
2011) 
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6.2.6 Interpretation of the Results 
 
Indicators-based analysis is a very powerful approach; this section shows the Abu Dhabi 
performance based on the developed indicators. Applying the DSR approach helped to 
identify the type of pressures from the consumption of water, the state of the quantity 
and quality of the city and the city’s response to measure reactions to protect the water, 
as shown in Table  6-6. 
Table  6-6   Pressure-State-Response 
Pressure indicators State indicators Response indicators 
Annual water consumption as 
percentage of total available 
water 
Per capita water availability 
(m3/person/year)  Percentage of total 
wastewater generated 
(reused) Domestic water consumption 
by nationality & property Quality of water 
Water consumption (m³/per/ 
cap) 
Percentage of dwellings 
connected to the sewage 
system Policy and governance 
Proportion consumption of 
water per sector  
Percentage of water lost in the 
distribution system 
 
The overall assessment of Abu Dhabi Emirate’s performance is illustrated in Table  6-5, 
and the spider web presentation in Figure  6-10 illustrates the poor and excellent 
sustainability performance in Abu Dhabi, based on 18 indicator scores. The ranges of 
the scores show a discrepancy from zero centres of the circles and 100 edge of the 
circle. Each indicator score are provided in more detail in the following section. 
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Figure  6-10  Result for Abu Dhabi’s water sustainability performance based on 18 indicator scores 
6.2.6.1 Water Availability 
 
The analysis of the water availability indicator shows very poor performance.  It seem 
that, the scarcity of fresh water is a major challenge for sustainable development in Abu 
Dhabi. Abu Dhabi Emirate had only 18,000 Mm³ of fresh water; this was mostly not 
renewable (Dawoud, 2008). The total population in the Emirate in 2010 was two million 
and is expected to increase sharply (SCAD, 2010); per capita fresh renewable water 
availability is almost 83m3 per person, considering natural renewable water sources, and 
158 m3 per person included desalinated water. Abu Dhabi has therefore scored zero out 
100 below the range 1700–500 minimum threshold value, which is extremely scarce.  
Water resources in Abu Dhabi require more attention from different stakeholders. 
 
Figure  6-11 shows the capacity of the Emirate desalination plants increased while, the 
capacity of groundwater decreased for 2003 to 2011; the amount of treated sewage 
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effluent is still small compared to other sources of water, and needs to be enhanced. It 
can be observed from Figure  6-11 that the groundwater contribution to total Emirate 
water consumption is decreasing and the difference between supply and demand is being 
filled by increases of desalinated water. 
 
Many wells extract groundwater of various qualities and in some areas massive over-
extraction has resulted in alarming groundwater decline. Nevertheless, it difficult to 
control the exhaustion of groundwater without having many meters in wells, especially 
with the absence of environmental awareness among farmers .However, Abu Dhabi 
Environmental Agency is attempting to control extraction of groundwater by developing 
environmental legislation and educating farmers. Changing the consumption patterns 
needs a lot of time and effort from environmental agencies. 
 
Figure  6-11 Emirate of Abu Dhabi’s sources of water 2003–2011 
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6.2.6.2 Water Quality 
 
Drinking water quality scored in Abu Dhabi as having excellent performance. Drinking 
water in Abu Dhabi Emirate is mainly from desalinated sea water. Abu Dhabi 
Distribution Company (ADDC) tests the samples for 64 parameters, categorised into 
seven groups, classified as follows: physical, inorganic chemical, inorganic trace 
elements, organic, microbial, radioactive and disinfection and disinfection by-products. 
In 2011, the total parameters tested were 65,432 from 2046 samples. The percentage of 
parameters that were compliant in 2011 was 95 per cent (Ghoussaini, 2012). 
 
The question remains of why city residents are drinking bottled mineral water in place 
of tap water, even when water quality meets international standards. Is this because they 
believe that the bottled water is healthier than tap water? Or maybe the water pipes and 
reservoirs are not clean and safe enough? However, even in new cities in Abu Dhabi, 
like Alraha Garden, where the infrastructure is new and of high standards, the residents 
there are drinking bottled water. Perhaps residents need more awareness about the 
quality of tap water and the disadvantages of using bottles in a city environment. The 
government must study this behaviour to enhance the city’s performance. 
 
Sea water quality in regards of chlorine residue needs more attention from stockholders. 
The concentration level of ‘chlorine exceeded the permissible emission limits for 
aqueous discharges into marine environment’, with a maximum value of 0.15 (μg/l). 
According to El Din (2007) the multi-stage desalination plant contained some 0.2–0.25 
ppm of residual chlorine, and is continuously discharged to seawater (El_Din, 2007). 
Based on the data collected from Taweela desalination plant in 2013, the values are 
between 0.15–0.2. 
 
The quality of sea water copper is less than the permissible emission limits for aqueous 
discharges into marine environment. However, the salinity of the sea water in the area is 
between 40–45 ppm, and the desalinated sea water increases this level by about 5–10 
ppm (Dawoud and Mulla, 2012), the USA EPA recommends this should not exceed 4 
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units (Andrea Cipollina et al., 2009). Further, the Gulf sea average temperature is 35 °C, 
and desalination plants increase the temperature level in their vicinity by about seven to 
eight °C above the ambient condition (Dawoud and Mulla, 2012). The high salinity and 
temperature of desalination plants lead to increased concentrations of dissolved oxygen 
in plant vicinity, which is reported in some areas as being more than 5μg/l, while the 
standard is <4 5μg/l (Areiqat and Mohamed, 2005, Dawoud and Mulla, 2012). 
 
Abu Dhabi groundwater quality performance is poor. The level of concentration of 
nitrogen includes both (nitrate+ nitrite); ranges are between 5–80 ppm (EAD, 2008), 
with threshold values between 5–45. Salinity of groundwater concentration parts per 
million (ppm) or μg/l range between 800–70,000 (EAD, 2008), while the natural value 
of in the area is between 700–60,000. 
6.2.6.3 Water Use Efficiency 
 
Abu Dhabi Emirate uses about 4300 million cubic metres per year either from natural 
resources, treatment or desalination water, although it had almost no fresh renewable 
water (Dawoud, 2012), as discussed in earlier. Abu Dhabi performance is very poor and 
under extreme stress, with a score of zero out of 100. 
 
Abu Dhabi Emirate has one of the highest consumption per capita of water. According 
to Abu Dhabi Statistics Centre (2012), water consumption rates in Abu Dhabi increased 
from 800 litres/person/day in 2001, to 1300 litres/person/day in 2011. The figure 
includes both domestic and industrial; likewise, domestic water consumption increased 
from 350 litres/person/day in 2003 to 550 litres/person/day in 2008, although the natural 
water resources in Abu Dhabi are limited as a result of the tiny amount of rain. 
Figure  6-12shows the growth in water consumption compared to world averages from 
2001 to 2011. 
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Figure  6-12 Abu Dhabi water consumption compared to world averaged 
Source: (SCAD, 2012b) 
The lack of water charges seems to play a critical role in increasing water demand, 
especially domestic. Water consumption per capita in a villa (2 or 3 storey house) is 
three times higher than in apartments (ADRSB, 2009b), where the average rate in the 
apartment is 165 litres per day. This is due to greater water consumption in gardens, 
irrigation, swimming pools and washing cars. Water consumers in Abu Dhabi Emirate 
benefit from the government’s high subsidies. Local citizens consume water free of 
charge, while the others are charged nominally; USD 0.6 per m3.  Table  6-7 reports the 
domestic water consumption in different properties (ADRSB, 2009a). 
Table  6-7   Residential water consumption by property & nationality 2005 - 2007 
Nationality Property Water consumption litres/capita/day 
Expats 
apartments 160–220 
villas 270–730 
UAE 
apartments 165 
villas 460–1.760 
Source: (ADRSB, 2009b) 
Compare Abu Dhabi to Singapore, with similar situations regarding the lack of natural 
water resources, with both considered a water scarce city (Suzuki et al., 2010). 
Singapore city’s per capita domestic water consumption is 153 litres per day, which 
improved over recent years to achieve a government target of 140 litres by 2030 (PUB, 
2012). The water tariffs in Singapore depend on consumption amounts. In domestic 
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service, if the usage is above 40 m3, the charge will be higher. Moreover, the 
government applied a water conservation tax and charge for wastewater treatment, as 
shown in Table  6-8.  
Table  6-8   Domestic water tariffs in Singapore and Abu Dhabi 
Tariff category 
Consumption 
block ( 
m3/M) 
Tariff(US$/m3) 
Water 
conservation 
tax (% of tariff) 
Sanitary 
appliance fee 
Singapore 
0 to 40 0.81 30 US$2.23/per 
chargeable 
fitting per 
month 
Above 40 0.97 45 
UAE expats _ 0.6 _ No cost 
UAE national _ No cost _ No cost 
Source: abstracted from (ADRSB, 2009b, PUB, 2012, ADRSB, 2009a) 
The indicator of ‘percentage of dwellings connected to the sewage system’ in Abu 
Dhabi shows almost 95 per cent (Ghoussaini, 2012, Dawoud, 2012), which is a good 
performance compared to index thresholds (upper benchmark of 100% and a lower 
benchmark of 80%). 
 
Local citizens account for 22 per cent of the total population, and the local citizen 
benefits from government subsidies of 100 per cent. On the other hand 78 per cent of the 
total population is paying for water usage, at about 29 per cent of the actual cost 
(ADRSB, 2009). This requires more attention from different stakeholders. The 
government should review water legislation and prices. Applying reasonable water 
usage prices can be one solution to cut water demand. 
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6.2.6.4 Policy and Governance 
 
Regarding public participation, Abu Dhabi’s performance is very poor, with a score of 
17 out of 100. To measure public participation in city water management activities, key 
issues were selected; this method has also been used by (Ioris et al., 2008) to develop 
water sustainability indicators in Brazil and Scotland. Table  6-9 illustrates the scores of 
public participation in the Abu Dhabi Emirate, using the following formula: 
 
The total of items with a positive answer is one out of six, which needs more attention 
from stakeholders. One initiative of the Abu Dhabi government, associated with WWF 
is ‘Hero of the UAE’ as a part of a large campaign to reduce water and energy usage. 
Such a campaign must be a complete and sustained campaign that should target all 
community members, not just for a specific period. 
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Table  6-9   Public participation in water activates in Abu Dhabi Emirate 
  Public participation:  Yes/No Justification 
X1 Legislation includes/promotes public 
participation in the decision making 
related to water management 
No   
X2 Practical mechanisms of water 
management include stakeholder 
participation 
No   
X3 The majority/totality of stakeholder 
sectors are properly represented in the 
water management process 
No   
X4 There are regular campaigns/activities 
that aim to involve the population in 
water management  
Yes UAE’s ‘Hero’ campaigns/a lot of 
school campaigns  
X5 Customer satisfaction in the water 
management services being measured 
at the municipal level 
No   
X6 There are contributions of non-
governmental organisation s on water 
issue  
Yes Environment friends association, 
Emirate’s WWF  
 
Likewise, to measure a government policy on management of water resources, use 
efficiency and treatment, key issues have been selected, as illustrated in Table  6-10. The 
total of items with positive answers is four out of six; the final score is 67 out of 100. 
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Table  6-10  Government policy towards water management 
  Water management policy Yes/No Justification 
X1 There is legislation addressing 
groundwater management/ 
protection  
Yes Federal law No. 24 1999 the protection 
& development of the environment 
section 2&3 
X2 There are penalties for groundwater 
inefficient use 
No   
X3 There are existing policies for using 
drinking water efficiently  
No   
X4 There is legislations addressing 
drinking water qualities 
Yes Federal law No. 24 1999 the protection 
& development of the environment 
section 2&3 
X5 There is legislation addressing 
marine water pollution 
Yes Federal law No. 24 1999 the protection 
& development of the environment 
section 2&3 
X6 There is legislation addressing 
wastewater treatment and re-use 
Yes Emirate Law No 21, 2005 
Administration of waste material, Law 
19, 2007 
 
The Abu Dhabi government is making efforts to manage city water, despite the lifestyle, 
culture and behaviour, which are fundamental issues significantly affecting the habitual 
consumption of local citizens. Decision makers in Abu Dhabi Emirate must put more 
effort to review the city’s demand patterns, rather than supply; further examination of 
current consumption practices can save the city resources. Seeking sustainability is a 
long term agenda. Long term public education is a useful tool starting from school 
education, public awareness. Further, enforcement of legislation can help a city to adopt 
better strategies to manage its water resources. 
 
This section has discussed the water consumption characteristics and challenges in Abu 
Dhabi, and compared the city’s performance to the world indices. The water index seeks 
to understand and derive knowledge in a given local environment. The major goal of 
indicators is to assess sustainable development of the city’s water. The information is 
provided through built indicators that can be used to evaluate, monitor, manage and 
enhance the city’s environmental sustainability by providing comprehensive information 
and analysis of a city’s performance. 
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6.2.7 Discussion: Changing Emirati Water Consumption 
Patterns 
 
Analysis of water sustainability index in Abu Dhabi shows that water consumption is 
very high. At the same time, Abu Dhabi faces big challenges related to the availability 
of natural water resources. The city’s population is growing very quickly, and need for 
water will increase. If water is not used efficiency, the city will face a big problem in 
managing water resources. According to the EAD report: ‘Domestic water consumption 
in Abu Dhabi surpasses natural water supply by nearly 26 times’ (Kawach, 2012). 
Enhancing water practices will cut this demand. Chapter 4 in Agenda 21 stated that 
‘Developing national policies and strategies to encourage changes in unsustainable 
consumption patterns’ (UN, 1992a). 
 
The government should consider ways to change the mind-set of citizens regarding their 
behaviour. This study recommends the following strategy be applied to enhance water 
practice in Abu Dhabi Emirate: 
x Improving the efficiency water use, restudy the water prices and apply 
reasonable water usage price (tariffs) for local and foreigner residents to give 
water more value. 
x Comprehensive awareness programmes to enhance, reduce and re-use water 
consumption. 
x Reduce the growing of crops that consume large amounts of water, where this 
sector is the most water consuming sectors. 
x Treated water could also be used for other proposes, including irrigation, vehicle 
washing stations, and some domestic work (toilet flushing, garden planting), 
industrial proposes. 
x Efficiency labelling method for washing machines, taps and other water 
consumer devices must be used; residents can then have choices when 
purchasing efficient devices. 
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x Restrict using inorganic fertiliser in growing crops to stop nitrate pollution of 
groundwater. 
x Restrict built up areas near the desalination plant, as more as desalination water 
will be produced, as more as energy is consumed, and marine life is going to be 
damaged. Alternatively, treated brackish groundwater might be a viable option. 
x Improve the current treatment water quantity and possibly use the sludge and 
other effluents from agriculture. 
6.2.8 Summary and Conclusion 
 
The key objective of this study is to develop a water sustainability index for Abu Dhabi 
Emirate. The index can be a valuable tool to manage and enhance the city’s water cycle. 
The first step is to understand the existing framework of different sustainability 
indicators for different cities, develop criteria for selecting the indicators for Abu Dhabi 
city, and then create a conceptual framework and indicators that are appropriate for Abu 
Dhabi city. This index may be a powerful tool for decision makers to evaluate and 
decide the future directions of the city’s sustainable development. 
 
The limitation in the study is that the selected components and indicators were based on 
concerned issues in Abu Dhabi Emirate, and the availability of information. With more 
information, especially about the infrastructure of water systems and water quality 
(marine and groundwater), the study could develop more alternatives strategies that 
could be added to the proposed list. Nonetheless, indicators ought to be considered as a 
standard model by policy makers to make significant decisions pertaining to the 
Emirate’s water sustainability. Moreover, it provides decision makers with full and 
comprehensive information about the city’s current performance; it can be used to 
evaluate water resources in different places across different periods, represents water 
supply and demand, and analytical issues which constitute of critical factors for Abu 
Dhabi city. It also increases the local people’s understanding of the reality of the city’s 
performance and how it affects the future. 
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6.3 Developing Abu Dhabi’s Sustainability Solid Waste 
Index 
 
Fast urbanisation and population growth have resulted in increasing solid waste 
generation in Abu Dhabi Emirate in the last decades (Alsalmi et al., 2013c). The 
municipal waste in the Emirate amounts to 5.8 kg/day/person (AlJeetawi, 2013), which 
is almost five times the world average of 1.2 kg/day/person. Official estimates indicate 
that only a small proportion (3.5%) of the total generated waste is recycled, while the 
rest is dumped in landfill; these dumping places are actually inadequate (EAD 2010). As 
such, treatment and dumping of such waste also poses great problems for the 
administration. In such a situation, sustainability indicators can be of great help; 
suggestions can be derived for managing solid waste. 
 
This section examines the waste management system of Abu Dhabi by executing the 
proposed indicators; the DSR method was applied to develop the required framework. 
Based on the literature review, 16 indicators (for solid waste) were identified and were 
classified into five segments; namely, quantity and constitution, environmental controls 
and resource management, construction waste, monetary independence, and 
administration and policies. These indicators can act as a foundation to help decision 
makers in formulating an incorporated waste management system that is capable of 
meeting international standards. 
6.3.1 Background 
 
Rapid urbanisation in cities, coupled with fast economic growth and community 
lifestyles have increased the generation of solid waste and its management has become a 
major challenge worldwide (Al-Khatib et al., 2010). Agenda 21 from the Rio UN 
Conference in 1992 stated that a framework for the solid waste management sector 
should concentrate on four key areas: minimising waste generation; maximising 
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environmentally sound systems for waste re-use and recycling; promoting 
environmentally sound waste disposal and treatment; and extending the waste services 
coverage (UN, 1992a). In 2010 the UN-HABITAT published the Third Global Report 
on Water and Sanitation in the World’s Cities. The report established one of the first 
sustainability solid waste indictors on a city scale. In the report, eight indicators were 
developed, and used to evaluate the performance of 20 reference cities. According to 
UN-Habitat (2010) these indicators are considered drivers for the modernisation of the 
solid waste management systems, potentially leading to improved public health, reduced 
impacts on the environment and increased recovery of materials through prevention, 
recycling or separate organics management (UN-HABITAT, 2010). This section studies 
the solid waste management practices in Abu Dhabi Emirate. Its main aim is to test a set 
of sustainability indicators, based on a DSR approach, to characterise the current context 
of Abu Dhabi’s solid waste sector, and to provide indication of necessary responses, and 
also a means for monitoring progress. 
6.3.2 Solid Waste Management Practices in Abu Dhabi Emirate 
 
Abu Dhabi Emirate has one of the highest solid waste generations in the world. This 
situation is mainly due to the intensive building construction in the last decades, as 
illustrated in Figure  6-13. Construction and demolition (C&D) contributes to about 50 
per cent of the total amount, producing 16,425 tonnes; the municipal solid waste totalled 
to about 1,105,602 tonnes, contributing to 33 per cent of the total solid waste generated 
in the Emirate (AlJeetawi, 2013). Abu Dhabi Emirate generates daily an average of 
33,247 tonnes of solid waste; 5.8kg/day/person. Municipal solid waste definition 
includes the following (EA, 2011): household waste, commercial waste, animal 
slaughterhouse wastes, organic waste that is generated by gardening and forestry 
activities in public parks and litres from public areas, and manual street sweepings, 
including emptying of public waste baskets. Abu Dhabi’s waste production is higher 
than the OECD (2.2kg/day/person) and global (1.2kg/day/person) rates (Hoornweg and 
Bhada-Tata, 2012). 
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Figure  6-13 Solid waste type and quantity in tonnes 2008–2012 
Source: abstracted from (AlJeetawi, 2013 , SCAD, 2012c)  
Abu Dhabi Emirate is comprised of three regions: Abu Dhabi, Al Ain and Al Gharbia. 
When compared, the municipal wastes generate in Abu Dhabi region to Al Ain region is 
significantly high. Al Ain citizens produce less waste per capita than Abu Dhabi 
citizens. This is even though both of them are located in the same country, with the same 
government structure, culture and almost same family income. In the western region of 
the Emirate, solid waste produce is the worst. The amount of waste generation is 
estimated; this because of absent of weighbridge in region’s landfills. 
 
Abu Dhabi region generate 3,554,735 tonnes/year of municipal waste, on a per capita 
basis this represent 7.4kg (Alsalmi et al., 2013c). In OECD countries, in comparison, the 
per capita values range from 1.1 to 3.7kg/day/person; with an average 2.2kg/day/person 
(Hoornweg and Bhada-Tata, 2012). Likewise, Al Ain region generates 338,355 
tonnes/year of municipal waste, on a per capita basis this represents 1.59kg (AlJeetawi, 
2013), as illustrated in Table  6-11. 
 
A comparison of the quantities of waste generation for both cities shows a significant 
amount of waste generation in Abu Dhabi region. So the question here is why are there 
significant differences between two cities in same situation and condition? 
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Table  6-11   Waste generation rates by city income 
City income level Waste generation kg/cap/day Waste tonnes/ day 
Low 0.5 500 
Middle 0.7 700 
High 1.6 1600 
Abu Dhabi region 7.43 9,739 
Al Ain region 1.59 927 
Source: (Suzuki et al., 2010, AlJeetawi, 2013 ) 
High income cities generate more waste then low income cites (Suzuki et al., 2010), for 
Abu Dhabi Emirate, this argument can be true. Abu Dhabi region citizens generate five 
times more waste than Al Ain region’s average, and even both cities are classified as 
high income cities. Yet, the family income in Al Ain is lower than Abu Dhabi. In Abu 
Dhabi and Al Ain regions, the average annual household income varies according to 
household nationality; the highest income level was AED 106,554, reported for UAE 
nationals in the Abu Dhabi region, while the average for Abu Dhabi region reported as 
AED 83,553. In Al Ain, the highest income was AED 64,714, reported for UAE 
nationals. Annual average per capita incomes were reported at AED 50,770 (DED, 
2009). However, a higher income is not the only reason for high waste generation. It 
would seem that the absence of sorting and recycling facilities in Abu Dhabi region has 
played a major role in citizen behaviour and increased the amount of the city waste. Abu 
Dhabi region does not have any sorting and recycling facilities, almost all the waste is 
transferred to landfill, even if it is not suitable for. This might be the main reason for 
high municipal waste generation. In Al Ain, the waste management scenario is better 
than Abu Dhabi region; sorting material to recovery helped Al Ain city to reduce the 
total amount of municipal generation waste. 
 
Commonly, recycling is accepted as a sustainable municipal method that is attractive for 
government authorities because of its ability to reduce disposal and waste transport 
costs, and to save the space of landfill sites (Niemeijer and de Groot, 2008). In Abu 
Dhabi Emirate, although a large market for recycled materials exists, the level of 
recycling is very limited, and very large amount of total waste generated in the Abu 
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Dhabi Emirate is disposed at landfill sites as unsorted waste (EAD, 2010, Salm Issa and 
Badria  ALShehhi, 2012, EA, 2011). In Abu Dhabi Emirate, 24 per cent of the total 
waste generated is recycled, as the majority is related to waste from construction and 
demolition, as illustrated in Figure  6-14. 
 
Figure  6-14 Percentage of total solid waste by type of disposal 
Source: (SCAD, 2012c) 
On the other hand, only one per cent of municipal solid waste is recycled. About 75 per 
cent of the total waste and 96.5 per cent of the municipal waste goes to landfill with 
slight or no sorting mechanisms. Existing landfill sites are poorly designed and operated 
(SCAD, 2012c). Landfill sites in Abu Dhabi Emirate are unlined, and there is no control 
of greenhouses emissions. Al Dhafra, the largest landfill, serves a vast region in the 
Emirate and receives 81 per cent of the total waste generated. It is below international 
standards and is operating over its designed capacity. Previously, the area of the landfill 
was used as a burning site for waste, and the liquid wastes disposed with solid wastes 
has affected the groundwater, which lies close to the ground level (EAD, 2010). 
6.3.3 Identifying Solid Waste Sustainability Indicators 
 
As explained in methodology chapter, there are several approaches and frameworks for 
developing indicators. In the DSR framework for waste management in Abu Dhabi, the 
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driving force (D) is related to factors that cause or magnify waste management problems 
identified in Abu Dhabi, such as population and economic growth, increased 
consumption patterns, and intensive building construction. The state (S) signifies the 
prevailing waste management system in the Emirate. In general, the states indicate 
problems, such as the very high rate of solid waste generation per capita, the occurrence 
of illegal dumping, the use of technically inadequate landfills, the low level of waste 
recycling, and the high rate of generation of construction and demolition waste. The 
responses (R) lists actions that can be taken to reduce pressure or to improve states. 
They include environmental controls, financial and economic initiatives and policies. 
 
Below is an abstract of some of the main reports and literature reviews that helped to 
develop Abu Dhabi’s solid waste index. 
 
UN-Habitat Solid Waste Management in the World’s Cities report (UN-HABITAT, 
2010): this studied the solid waste management practice from 20 reference cities around 
the world. The cities display a range of urban solid waste management and recycling 
practices. The main objective of this report is motivating cities to develop solutions 
appropriate to their particular circumstances and needs (UN-HABITAT, 2010). The 
framework that has been used to develop the indicators was formulated in accordance 
with the Integrated and Sustainable Solid Waste Management (ISWM). It consists of 
two triangles, namely the physical elements and the governance aspects. The first 
triangle consists of the three categories: public health (collection), environmental 
protection (waste treatment and disposal) and resource management (valorisation of 
recyclables and organic materials). The second triangle consist of inclusivity, financial 
sustainability and sound institutions and proactive policies; the outcome from these 
analysis of 20 reference cities illustrates it is possible to make progress in enhancing 
solid waste management and there is no ‘one size fits all’. Any successful solution must 
address both triangle components of ISWM (UN-HABITAT, 2010). 
 
Wilson et al. (2012): analysed solid waste management on UN 20 references cities based 
on the UN–Habitat bench mark indicators (solid waste management in the world cites 
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2010). The paper studied first the waste generation rates and composition, then the 
benchmark indicators were used to compare three components, which were: public 
health, environmental protection and resource management. Second, this was done for 
three governance strategies, which were: inclusivity, financial sustainability and sound 
institutions policies. The outcomes from this study included the availability of different 
successful models in waste management. The reliability of data collection and 
management systems is the main issue in modernising city waste management; waste 
reduction, re-use and recycle are winning solutions to manage city waste (Wilson et al., 
2012). 
 
Al Sabbagh et al. (2012): used the UN–Habitat bench mark indicators (solid waste 
management in the world cites 2010) to develop Bahrain’s city profile, and then 
compared it with 20 references cities’ performance. The analysis shows the recycling 
and material recovery is lower than the other cities, and the per capita waste generation 
is 1.1 kg, which is within the range of high income cities in the study. The organic 
fraction is within the range of middle income countries (Al Sabbagh et al., 2012). 
 
Font Vivanco (2012): developed two core indicators, the Net Recovery Index and the 
Transport Intensity Index, to help municipal waste management policy progress to 
sustainable development, such as increasing recycling levels and minimising transport 
requirements. The bio waste management in Cantabria city in Spain has been selected as 
a case study to apply the built indices. The outcome shows the capability of developed 
indices for identifying those points within the system and then establishing clear targets 
for policy (Vivanco et al., 2012). 
 
Cleaner Treatment Index CTI (2012): Coelho et al., developed CTI to evaluate waste 
treatment performance based on the cleaner treatment concept (Coelho et al., 2012). The 
indicators that were used in the index were previously established by the Global 
Reporting Initiative (GRI) and are divided into five categories: water, air, soil, materials 
and energy. The Delphi method and Brazilian environmental laws were used to develop 
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the indicators’ weights. The validation of the index was carried out by applying the CTI 
to ten waste-to-energy plants data (Coelho et al., 2012). 
 
Suttibak and Nitivattananon (2008): studied the factors affecting the performance of 
solid waste recycling. The indicators involving efficiency, effectiveness and service 
ratios were employed for the evaluation of recycling performance. Influencing elements 
encompassing technical, financial, and institutional aspects were signed for three kinds 
of recycling programmes (Suttibak and Nitivattananon, 2008). 
 
Cifrian et al. (2010): developed indicators for valorisation of municipal waste and 
special waste, and applied these to the region of Cantabria (Spain), which showed that 
its performance in waste management was good. In the study, two types of indicator 
were defined, evaluating the valorisation of different components of municipal waste 
and evaluating the different types of special waste, such as C&D waste, tyres and 
sewage sludge wastes (Cifrian et al., 2010). 
 
Iriarte et al. (2009): used a life cycle assessment (LCA) to analyse the selective 
collection management of municipal solid waste. The study measured and compared 
LCA and the potential environmental impacts of three selective collection systems: the 
mobile pneumatic, the multi-container and the door-to-door. The results showed that in 
urban areas, the multi-container system has the least environmental impact of all 
systems in terms of global warming; the mobile pneumatic at an inter-city distance of 20 
km show the greatest environmental impacts and the greatest energy demand (Iriarte et 
al., 2009). 
 
Larsen et al (2009): studied diesel consumption in waste collection Vehicles and their 
impact in the environment were measured by the diesel consumption for different 
collection schemes in two municipalities in Denmark. The results showed a considerable 
variation between different collection schemes, ranging from 1.4–10.1 L diesel tonne–1 
of waste (Larsen et al., 2009). 
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6.3.4 Abu Dhabi’s Solid Waste Sustainability Index 
 
The Solid Waste Sustainability Index for the Abu Dhabi Emirate is divided into five 
components: quantity and stream, environmental control and resource management, 
C&D, financial sustainability, governances and policies. The indicators are discussed in 
the following sections. 
6.3.4.1 Quantity and Stream of Solid Waste 
 
Generation of solid waste. The indicator measures the total annual volume of waste 
generated by the city kg/capita/day. The indicator can help stakeholders measure and 
compare, to control the city waste and plan to reduce, re-use and recycle. Table  6-12 
shows the waste generation per capita by income level. According to the World Bank 
(2012), the high income level waste generation ranges from 0.7–14 kg/ capita/ day, with 
an average of 2.1 kg/ capita/day (Hoornweg and Bhada-Tata, 2012). However, even the 
table shows the information at the county level. It is used in this study to evaluate at the 
city level; this is due to the lack of sufficient information at the city level. 
Table  6-12  Waste generation by income level 
Income level  
Waste generation per capita (kg/capita/day) 
Lower boundary Upper boundary Average 
High 0.7 14 2.1 
Upper middle 0.11 5.5 1.2 
Lower middle 0.16 5.3 0.79 
Lower 0.09 4.3 0.66 
Source: (Hoornweg and Bhada-Tata, 20012)  
Generation of hazardous solid waste. This indicator measures the total hazardous waste 
generated by the city, which is largely generated from industrial and medical processing. 
According to the Abu Dhabi Environmental Agency (2010), the planned industrial 
development in the area will bring significant growth in the volume of hazardous waste 
produce. Diversification of the industrial base will also increase the variation in type of 
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hazardous materials entering the waste stream; as a result it is important to assess the 
city’s hazardous waste. One of the key challenges of this study is to establish threshold 
values to evaluate the city’s performance, as there are not always agreed scales for each 
indicator; some of the thresholds used the average value as implemented in this 
indicator. The generation of hazardous waste per capita in the EU was 196 kg in 2008 
and 200 kg in 2010, while the range was 17–6731 kg/capita/ year (Eurostat, 2011). 
 
Generation of municipal solid waste. The indicator measures the daily volume of 
municipal waste generated by person in kg/, and compared it with other cities’ waste 
generation. Table  6-13 illustrates the average of urban waste generation by level of 
income. As the different ranges of municipal waste generation by income level are 
available in literature reviews; the study used the World Bank average. 
Table  6-13  Average municipal solid waste generation rates by income 
Income level Average MSW generation (kg/cap/day) 
Low income 0.6–1.0 
Middle income 0.8–1.5 
High income 1.1–4.5 
Source: (Hoornweg and Bhada-Tata, 20012)  
Stream of solid waste. This shows the percentage distribution of city solid waste by 
source activity, including C&D, municipal waste, industrial and commercial, medical 
waste and hazardous waste. This indicator has been recommended by ISWA Solid 
Waste: Guidelines for Successful Planning (2012). Having this type of information is 
important, as this indicator is developed to assess the main sources of city waste and the 
presence of each source will help to plan and then manage the main sources of waste in 
the city. 
Characterisation of municipal solid waste. A percentage distribution of municipal waste 
by type, this includes organic, plastic, paper, glass and metals. Similar to stream of solid 
waste, the information about characterisation of solid waste can provide the stakeholders 
with similar benefits, and the composition of waste helps determine the appropriate 
approaches to waste management (Suzuki et al., 2010). According to the World Bank 
(2010), low income countries have an organic waste contribution of 64 per cent of 
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waste, compared to 28 per cent in high income countries; paper is the highest waste type 
in high income countries, with 31 per cent (Hoornweg and Bhada-Tata, 20012).  
6.3.4.2 Environmental Control and Resource Management 
 
Solid waste captured by the system. the percentage of the solid waste that goes into the 
formal waste management system by any of the possible paths in the process flow 
diagram; the indictors were adopted from UH-Habitat solid waste indictors in 2010. The 
importance of these indicators is to measure the non-managed waste, and illegal 
dumping or open burning, such as dumping waste in the desert, which has caused an 
environmental problem in the area (UN-HABITAT, 2010). 
 
Landfill disposal. The indicator measures the percentage disposal in environmentally 
sound landfills, or controlled disposal sites of total waste generated in the city. 
Singapore has one of the world’s best practices in solid waste management; the total 
waste land filled in Singapore is only three per cent (MEWR, 2013). 
 
Condition of landfill. The percentage of landfill specification that meets the international 
standards. One of the key elements is to assess the current landfill. This indicator 
considers both public health, especially with pollution associated with disposal sites, as 
well as environmental protection of soil, water and air resources. Landfill can be 
classified in four categories, according to the World Bank, as illustrated in Table  6-14. 
To assess the landfill condition, the availability of key items has been selected. These 
are: leachate control, landfill gases control, noise control, odour monitor. These items 
have been selected from the US EPA manual, as the gas and lechate control are the main 
concern, with more weight being given to these two items. One important consideration 
is that even after closing the current landfill, it is important to keep it under control and 
observation, as the greenhouses gases and the leachate can cause series environmental 
crises, especially if the landfill is in a bad condition like almost all unlined landfill sites 
in Abu Dhabi. 
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Table  6-14   Landfill classifications 
Classifications  Operation and engineering 
measures 
Leachate 
management 
Landfill gas 
management 
Semi-
controlled 
dumps 
Few controls; some directed 
placement of waste; informal waste 
picking; no engineering measures 
Unrestricted 
contaminant 
release 
None 
Controlled 
dump 
Registration & placement/ 
compaction of waste; surface water 
monitoring; no engineering measures 
Unrestricted 
contaminant 
release 
None 
Engineered 
landfill/ 
controlled 
landfill 
Registration & placement/compaction 
of waste; uses daily cover material; 
surface and groundwater monitoring; 
infrastructure and liner in place 
Containment & 
some level of 
leachate 
treatment; 
reduced leachate 
volume through 
waste cover 
Passive 
ventilation or 
flaring 
Sanitary 
landfill 
Registration & placement/ 
compaction of waste; uses daily 
cover; measures for final top cover 
and closure; proper sitting, 
infrastructure; liner and leachate 
treatment in place and post-closure 
plan 
Containment and 
leachate 
treatment often 
biological and 
physical-
chemical 
treatment) 
Flaring with or 
without energy 
recovery 
Source: (Hoornweg and Bhada-Tata, 20012)  
Recycling and composting. The indicator measures the percentage of total municipal 
solid waste recycled, either from recycling of dry materials such as glass, paper, and 
plastics. Organics recovery, such as composting, and animal feeding (Wilson et al., 
2012). This indicator is used in almost all solid waste indices, it is obvious that the main 
benefit of waste recycling and composting is reduction in waste disposal. According to 
Wilson (2012), high income cities have been the benefits from recycling and organic 
recovery, with total recycling amounts of current levels of 40 per cent or more (Wilson 
et al., 2012). 
 
Energy generation by treated waste. The percentage of energy generated form waste 
management systems, either from landfill or incineration. Creating energy from waste 
can be a good alternative for clean energy in the area. According to the Green City 
Index (2011) in Singapore, energy generation from incineration as a percentage of total 
energy generation accounts for around two per cent of Singapore’s power generation. 
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Collection coverage. This pertains to the proportion of the population that has the 
responsibility of waste collection and street sweeping services. It is quite significant for 
the wellbeing of a population, and was adopted from UN-Habitat indicators in 2010. It 
gives an idea about the people’s wellbeing. Outcomes of the survey conducted in 20 
cities (global) indicate that the average proportion of collection and street sweeping in 
countries with high incomes is 100 per cent (Wilson et al. 2012). Likewise, in the World 
Bank report (2012), the solid waste collection rate in high income countries is almost 
100 per cent, as shown in Figure  6-15. 
 
Figure  6-15 Waste collection rate by income level 
Source: (Hoornweg and Bhada-Tata, 20012)  
Collection route frequency. Measuring the distance frequency will represent the impact 
of waste transport in environmental. According to (Iriarte et al., 2009), waste collection 
in urban transport with distances of 11km or more contributes more than 50 per cent to 
the global warming potential in all of the collection schemes. Cutting the cost of waste 
transportation frequency to disposal sites can be done easily by reducing the frequency 
of waste collection. Swapping to weekly or twice a week could save in travelling time 
and reduce vehicle energy consumption, also reducing the amount of air pollution and 
traffic noise. 
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6.3.4.3 Construction and Demolition 
 
As construction and demolition has been the largest contributor of solid waste in Abu 
Dhabi Emirate, it is necessary to build specific indicators to evaluate and assess the 
performance of this section. Two indicators have been developed, which are the 
following. 
 
Recycling. Percentage of total waste which is recycled as a percentage of the total waste 
generated from construction and demolition activates. EU Directive 2008/98/EC on 
waste recycling and recovery targets ‘70% preparing for re-use, recycling and other 
recovery of construction and demolition waste’ (European Commission, 2012). 
Singapore recycles 99 per cent of construction debris (MEWR, 2013). 
 
Collection and disposal tariff. The percentage of total contractors paying for waste 
collection and disposal services. 
6.3.4.4 Financial Sustainability 
 
Municipal waste budget. Per capita per year solid waste collection and disposal cost, 
with this kind of indictor, will help the decision and policy makers to examine 
alternatives to waste management systems, as well study the stream of waste 
management cost. According to UN-Habitat report (2010), in developing cities, solid 
waste management represents a significant proportion of the total recurrent budget of the 
city, with figures of three to 15 per cent being reported by the reference cities (UN-
HABITAT, 2010). According to World Bank report (2012), collection costs in high 
income countries represent less than 10 per cent, while in low income countries it 
represents 80 to 90 per cent of the municipal solid waste management budget, as shown 
in Table 6.15. Only a small amount of any budget is allocated towards disposal 
(Hoornweg and Bhada-Tata, 20012). However the collection cost does not depend only 
on the percentage of the covering area and collection amount, but also the labour and 
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energy costs, which will makes any comparison difficult. Table  6-15 illustrates the cost 
of solid waste management in US$ by tonne. 
Table  6-15   Estimated solid waste management costs by disposal method 
  
Low 
income 
Lower 
mid 
income  
Upper mid 
income 
High 
income  
Income(gnl/capita) < $876 $ $876–3,465 
$3,466–
10,725 
> 
$10,725 
Waste generation (tones/capita/yr) 0.22 0.29 0.42 0.78 
Collection efficiency (% collected ) 43% 68% 85% 98% 
Cost of collection and disposal (U$$/tonne) 
Collection  20–50 30–75 40–90 85–250 
Sanitary landfill 10–30 15–40 25–65 40–100 
Open dumping 2–8 3–10 NA NA 
Composting 5–30 10–40 20–75 35–90 
Waste -to-energy incineration NA 40–100 60–150 70–200 
Anaerobic digestion NA 20–80 50–100 65–150 
Source: (Hoornweg and Bhada-Tata, 20012)  
GDP and solid waste budget. City solid waste budget per capita as percentage of GDP 
capita. This indicator linked the solid waste management with the population and city 
income growth. In the UN-Habitat report (2010) most of the 20 reference cities are in 
the range of 0.1–0.7 per cent, with two greater than one per cent. (UN-HABITAT, 
2010). However, for sustainable waste management systems, the range of spending must 
be between 0.3 and 0.5 per cent of GDP/capita (ISWA, 2012). 
 
Collection and disposal tariff. Percentage of total households paying directly or 
indirectly for waste, solid waste collection and disposal services. Successful waste 
governance requires that the system be financially sustainable(Wilson et al., 2012). 
Measuring cost efficiently and affordability is an important issue. Additionally, this 
indicator might be very important to enhance city resident consumption behaviours, 
which will automatically lead to reducing the amount of waste generation, especially in 
high income cities like Abu Dhabi Emirate. Payment for waste collection and disposal 
services will help government to reduce the waste generation by city, which will lead to 
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savings in the cost of solid waste management and will reduce its impact on the 
environment. In UN-Habitat, 20 reference cities with high income levels, 99 per cent is 
the average of the population using and paying for waste collection as a percentage of 
the total population (Wilson et al., 2012). 
6.3.4.5 Governance and Policies 
 
Waste collection and disposal policy. This response indicator has been used in almost all 
solid waste indices to evaluate city efforts to improve waste collection and disposal 
practices to minimise the environmental impact of solid waste. 
 
Waste recycling and re-use policy. Another response indicator that has been used to 
measure a city’s efforts to reduce, recycle and re-use waste. 
 
Public participation. Percentage of individuals who volunteer for a group or 
organisation as a measure of local community strength and the willingness of residents 
to engage in waste management activities. For the successful integration of solid waste 
management systems, it is important to engage the public with key policy and planning. 
Public participation is an indicator of stakeholder equity in the planning process. 
Table  6-16 summarises the initial proposed indicator. It lists the selected indicators 
related to solid waste sustainability for the Abu Dhabi Emirate, divided into five 
components: quantity and stream, environmental control and resource management, 
C&D, financial sustainability, governance and policies. Each indicator is described in 
terms of its scope, unit of measurement, position in the PSR framework, a scale based 
on benchmarking, the available data for Abu Dhabi, and a preliminary qualitative score 
indication, and references in which the data or concept is based. 
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Table  6-16   Initially proposed Abu Dhabi’s solid waste sustainability index 
Sustainability indicators Unit SR Scale 
Max/min 
Abu Dhabi data  Score References 
Solid waste quantity & stream 
Total annual volume of waste generated by 
the city. 
kg/cap/ day D  2.1 15.7  (Hoornweg and 
Bhada-Tata, 2012) 
Total municipal waste generated by the city kg/cap/ day D .5 1.1 5.8  (Hoornweg and 
Bhada-Tata, 2012) 
UN-HABITAT, 
2010) 
Total hazardous waste generated by the city kg/cap/ yea D 00 - 650  (Eurostat, 2011) 
 
Stream of solid waste: “percentage of 
composition of total solid waste.” 
% S - - C&D 50%, MW 33%, 
Com.6.3%, green 6.4% 
- (Moussiopoulos et 
al., 2010) 
Stream of municipal solid waste: 
“percentage of composition of municipal 
solid waste” 
% S Organic 20–50 
Paper 15–40,  
Organic 39%, Paper 25, 
Glass 4%, Metals 3%, 
Plastic 19% 
- (Hoornweg and 
Bhada-Tata, 2012), 
Suzuki , 2010) 
Environmental control & Resource management     
Waste captured by the system: “percentage 
of the solid waste that go into the formal 
waste management system” 
% S 100 - 80%  (UN-HABITAT, 
2010) 
Percentage disposal in landfills or controlled 
disposal sites of total waste generated 
(exclude C&D) 
% S 3  96.5%   
Recycling & composting: “percentage of 
total waste which is recycled (exclude 
C&D)” 
% S - 40 8%, 2.6%   (UN-HABITAT, 
2010) 
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Sustainability indicators Unit SR Scale 
Max/min 
Abu Dhabi data  Score References 
Landfills condition: “specification of 
current Landfill by meeting the international 
standards.” 
Score S 10  3   
Energy generation by treated waste: 
“Percentage of energy generated form waste 
management system either from landfill or 
incineration.” 
% S/R   2  (Coelho et al., 2012) 
Collection Coverage: “Percentage of 
population who has access to waste 
collection & street sweeping services” 
% S/R 100  100 
 
(UN-HABITAT, 
2010) 
Collection route and frequency daily/ weekly S - - Usually Daily  (Suzuki et al., 2010) 
Construction & Demolition waste 
Recycling: “percentage of total C&D waste 
which is recycled” 
% S/R 99 70 28.3%  (ISWA, 2012) 
Percentage of total contractors paying for 
waste collection & disposal services 
% S/R 100  - -  
Affordability &Financial sustainability 
Solid Waste budget: “collected and 
disposed cost” 
$/Capita/ year S 75 - 193  (UN-HABITAT, 
2010) 
City SW budget per capita as % of GDP 
capita (%) 
%/Capita/ 
year 
S 0.5 0.3 0.4  (UN-HABITAT, 
2010; ISWA, 2012; 
Wilson et al., 2012) 
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Sustainability indicators Unit SR Scale 
Max/min 
Abu Dhabi data  Score References 
Tariff: “Percentage of total households 
paying direct or indirect for waste 
collection/disposal services” 
% S/R 100  0  (UN-HABITAT, 
2010; Wilson et al., 
2012) 
Governances & Policies 
Waste collection and disposal policy Score R 10 0 4  (Boselli et al., 2011; 
UN-HABITAT, 2010; 
Wilson et al., 2012) 
Waste recycling and re-use policy Score R 10 0 4  (Boselli et al., 2011; 
UN-HABITAT, 2010; 
Wilson et al., 2012) 
Public participation  Score R 10 0 2  (Boselli et al., 2011; 
UN-HABITAT, 2010; 
Wilson et al., 2012) 
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6.3.5 Application of Delphi Technique in Setting Solid Waste 
Indicators 
 
As discussed in methodology chapter, using this technique is part of the process for 
validating the proposed sustainability indicators and assessing their weights. Delphi is a 
technique that targets achieving agreement of nominated experts in the field. A number 
of decision makers, specialists and experts are invited to verify the developed indicators. 
From the multiple responses for each sector, the importance and rank of each indicator 
is assessed. 
6.3.5.1 Round One Questionnaire 
 
Components. The responses from respondents on the component-related questions are 
shown in Figure  6-16. It shows that for the component of quantity and stream, 90.6 per 
cent of the respondents agreed on the component (they chose 4 or 5 on the 5-point 
Likert-scale). The environmental control and resource management got the same 
percentage; however; for C&D, financial sustainability, governance and policies, 87, 
70.9 and 87.5 per cent of the respondents agreed, respectively. A consensus is 
considered to be achieved if more than 67 per cent of the respondents agreed on the 
option offered in the Delphi technique. It means that for this study, all the offered 
components in the first-round questionnaire were agreed upon by the respondents. 
CHAPTER SIX 
183 
 
Figure  6-16 Percentage of responses agreed on components 
For the components of quantity and stream and environmental control and resource 
management, none of the respondents disagreed and 9.3 per cent gave a neutral 
response. For the components of C&D, financial sustainability, governance and policies, 
6.4, 6.4 and 3.1 per cent responses differed, respectively. This shows that the 
respondents valued the components of quantity and stream and environmental control 
and resource management higher than the other three components. They also had no 
disagreement and a lesser percentage of neutral responses. 
 
Indicators. With regard to the initially identified indicators of Abu Dhabi’s solid waste, 
the responses are shown in Figure  6-17. It shows that more than 90 per cent of the 
respondents answered 4 or 5 on the 5-point Likert-scale for nine indicators out of total 
number of 20 indicators; namely, the total waste generated by the city, generation of 
hazardous solid waste per tonnes, municipal solid waste per capita, stream of solid 
waste, stream of municipal solid waste, waste captured by the system: percentage of the 
solid waste that goes into the formal waste management system, controlled disposal: 
percentage disposal in landfills or controlled disposal sites of total waste generated, 
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recycling and composting and C&D waste recycling. In addition, it shows that between 
67 and 85 per cent of the respondents answered 4 or 5 for seven indicators; namely 
landfills condition, percentage of energy generated from the waste management system, 
collection coverage, solid waste budget per capita per year, waste collection and 
disposal policy, waste recycling and re-use policy and public participation. For all 16 
(9+7) indicators, the consensus was reached. For the other four indicators—collection 
route and frequency, percentage of total contractors paying for waste services, city solid 
waste budget per capita as percentage of GDP capita and percentage of total population 
paying for waste services, only 64.5, 64, 56 and 48 per cent of the respondents agreed, 
respectively (they chose 4 or 5 on the 5-point Likert-scale), while a rating of 1 or 2 on 
the Likert-scale was chosen by 16.1, nine, 12.5 and 18.1 per cent of the respondents, 
respectively. As the percentages of these four indicators fell below 67 per cent, these 
indicators were taken into Round Two of the Delphi application. 
 
Figure  6-17  Percentage of responses agreed on indicators 
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Importance of indicators. The responses from participants on the importance of each 
indicator are shown in Figure  6-18. It shows that the indicator ‘generation of solid 
waste’ received the highest importance, with an average of 9.6 points (on the 10-point 
Likert-scale) followed (in order) by recycling and composting, generation of municipal 
waste, stream of municipal waste, C&D waste recycling and stream of solid waste 
generation. The indicator ‘percentage of total population paying for waste services’ got 
the lowest importance, with an average of seven points. 
 
 Figure  6-18 Responses on the degree of importance of indicators 
Based on the results from Round One, the conceptual framework of Abu Dhabi’s solid 
waste was modified, as shown in Table  6-17  The modified framework after Round One of Delphi 
application 
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. This modified framework was then brought to the next round of Delphi application. 
 
The modified framework in Table  6-17 incorporated suggestions from Round One to 
correspond with the five components of quantity and stream, environmental control and 
resource management, C&D waste and governance and policies. The table also includes 
the modified indicators suggested in Round One. The public participant indicator was 
modified to include community awareness and education programmes. 
Table  6-17  The modified framework after Round One of Delphi application 
Components Indicators 
Unit Threshold 
Value 
Max Min 
Quantity & Stream  
Total waste generated by the city Kg/ Cap/Day 
 2.1 
Generation of municipal solid waste  Kg/ Cap/Day 
4.5 1.1 
  Generation of hazardous solid waste  Kg/ Cap/Year 
200  
  
Identification of the stream of solid waste: 
“percentage of Composition of total solid 
waste (municipal, Commercial, 
construction & Demolition, Hazardous 
waste, etc.)” 
Score Yes No 
 
Identification of the stream of municipal 
solid waste: “percentage of composition of 
municipal solid waste (Paper, Organic, 
Plastic, Glass, etc.)” 
Score Yes No 
  
Waste captured by the system: “percentage 
of the solid waste that goes into the formal 
waste management system” 
% 100% 0 
  
Controlled disposal: “percentage disposal 
in landfills or controlled disposal sites of 
total waste generated” 
% 3% - 
Environmental 
control & Resource 
management 
Recycling & Composting: “percentage of 
total waste which is recycled as materials 
and various forms of organics recovery “ 
% 54 40% 
 
Landfills condition: “specification of 
current controlled Landfill by meeting the 
international standards “ 
Score 10 0 
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Components Indicators 
Unit Threshold 
Value 
Max Min 
Energy generation by treated waste: 
“energy generation from incineration as a 
percentage of total energy generation” 
%  2% 
 
Collection coverage: “This refers to the 
proportion of the population that is 
responsible for waste collection and street 
sweeping services”  
% 100% - 
Construction & 
Demolition waste 
Construction & Demolition waste 
Recycling: percentage of total waste which 
is recycled  
% 99% 70% 
Financial 
sustainability 
 
Solid waste budget ( collected and disposed 
cost) 
US$/Cap/ 
Year 
75$ 1.4$ 
Governances & 
Policies 
Waste collection and disposal policy: 
“measure of a city’s efforts to improve or 
sustain its waste collection and disposal 
system to minimise the environmental 
impact of waste” 
Score 10 0 
  
Waste recycling and re-use policy: 
“measure of a city’s efforts to reduce, 
recycle and re-use waste” 
Score 10 0 
  
Public participation: “activities that aim to 
involve the public in solid waste 
management, included community 
awareness and education “ 
Score 10 0 
 
6.3.5.2 Round Two Questionnaire 
 
The first round of the survey (STEC-58-2012-ALSALMI) was completed in 2013. This 
survey is part of the process for validating the proposed sustainability indicators and 
assessing their weights for Abu Dhabi’s built environment. After completing the first 
round of the project, a new round was proposed to interview the key participants in the 
research, to finalise the recommendations for the development of a framework of 
sustainability indicators for the city of Abu Dhabi 
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Components. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s solid waste sustainability components, and if they agreed with the structure 
components. The responses from respondents on the component-related questions show 
that 100 per cent of the respondents agreed (they chose 4 or 5 on the 5-point Likert-
scale) and none of the respondents disagreed. 
 
Indicators. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s solid waste sustainability indicators, and if they agreed with the following 
indicators being removed from the Abu Dhabi’s solid waste sustainability indicators: 
Collection route and frequency, percentage of total contractors paying for waste 
services, city solid waste budget per capita as a percentage of GDP capita, and 
percentage of total population paying for waste services. 
 
Two out of three participants agreed to remove these indicators from the Abu Dhabi’s 
sustainability indicator list. One participant disagreed with removing ‘city solid waste 
budget per capita as a percentage of GDP capita’ from the list, and the same participant 
had a neutral response to ‘percentage of total population paying for waste services’. The 
respondent believes that a solid waste budget is an important factor in achieving city 
sustainability. However, as only one participant disagreed while the others agreed, the 
indicator has been removed from the list. 
 
Thresholds. The respondents in this section were asked to assess the proposed 
thresholds, and if they agreed with the proposed threshold for respective indicators. The 
responses from respondents on the threshold-related questions show that all respondents 
agreed on 14 indicators’ thresholds out of 16, answering 4 or 5 on the 5-point Likert-
scale on the threshold for respective indicators. These were the total waste generated by 
the city, generation of hazardous solid waste per tonnes, stream of solid waste, stream of 
municipal solid waste, waste captured by the system: percentage of the solid waste that 
go into the formal waste management system, controlled disposal: percentage disposal 
in landfills or controlled disposal sites of total waste generated, recycling and 
composting and C&D waste recycling, landfill condition, percentage of energy 
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generated from waste management systems, collection coverage, waste collection and 
disposal policy, waste recycling and re-use policy and public participation. For the 
‘municipal solid waste generation per capita’, all three participants disagreed with the 
maximum threshold of this indicator. The believed that 4.5 kg per capita was avery big 
amount; after much argument with each expert, the threshold value was modified to 2.5 
kg per capita as a maximum threshold and 1 kg per capita as a minimum threshold 
value. For the ‘solid waste budget per capita per year’, two out of three participants had 
a neutral response and they advised removing the minimum threshold value. 
 
Based on the results from Round Two, the conceptual framework of Abu Dhabi’s r solid 
waste sustainability was modified, as shown in Table  6-18. The modified framework 
incorporated suggestions from Round Two to correspond with the five components: 
quantity and stream, environmental control and resource management, C&D, Financial 
sustainability and finally, governance and policies. The indicators ‘municipal solid 
waste generation per capita’ and ‘solid waste budget per capita per year’ thresholds have 
been modified based on participants’ suggestion. 
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Table  6-18   Final Abu Dhabi’s solid waste sustainability index 
No  Sustainability Indicators  
  DSR 
Scale 
Actual 
Score Weight Final 
score 
Spatial Ref 
    Max Min     √ x 
  Quantity & Stream                    
1 
Generation of Solid waste: “total 
annual volume of waste generated 
by the city (kg/capita/day)” 
D   2.1 15.7 0 0.122 0 √ 
(Hoornweg and 
Bhada-Tata, 20012, 
UN-HABITAT, 
2010) 
2 
Generation of municipal solid 
waste: “total municipal waste 
generated (kg/capita/day)” 
D 2.5 1 5.8 0 0.067 0 √ 
(Hoornweg and 
Bhada-Tata, 20012, 
UN-HABITAT, 
2009; Shields and 
Langer, 2009;  UN-
HABITAT 2010) 
3 
Generation of Hazardous solid 
waste: “total hazardous waste 
generated (kg/capita/year) 
D 200   650 0 0.067 0 √ 
(HERNÁNDEZ-
MORENO, 2010, 
Eurostat, 2011) 
4 
Identification of the stream of solid 
waste: “percentage of composition 
of total solid waste (municipal, 
Commercial, construction & 
Demolition, etc.)” 
S Yes No Yes 100 0.067 6.7 √ (Moussiopoulos et al., 2010) 
5 
Identification of the stream of 
municipal solid: “percentage of 
Composition of municipal solid 
waste” 
S Yes No Yes 100 0.067 6.7 √ 
(Hoornweg and 
Bhada-Tata, 20012), 
Suzuki , 2010) 
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No  Sustainability Indicators  
  DSR 
Scale 
Actual 
Score Weight Final 
score 
Spatial Ref 
    Max Min     √ x 
6 
Waste Captured by the system: 
“percentage of the solid waste that 
go into the formal waste 
management system” 
D/S 100  80 80 0.067 5.36 √ (UN-HABITAT, 2010) 
  
Environmental control & 
Resource management                 
  
7 
Percentage disposal in landfills or 
controlled disposal sites of total 
waste generated 
D 3  96.5 1 0.067 0.067 x (UN-HABITAT, 2010,  MEWR 2013)  
8 
Recycling & Composting: 
“percentage of total waste that is 
recycled such as materials recycling 
of dry materials (glass, metals, 
paper, plastics, etc.) and various 
forms of organics recovery” 
R   40 3.4 0 0.122 0 x 
(UN-HABITAT , 
2010; Wilson 2012;  
Al Sabbagh et al. 
2012;  European 
Green City Index, 
2009) 
9 
Landfills condition: “specification 
of current controlled landfill by 
meeting the international standards”  
S 100 0 47 47 0.037 1.739 √ (Hoornweg and Bhada-Tata, 2012) 
10 
Energy generation by treated waste: 
“energy generation from 
incineration as a percentage of total 
energy generation” 
S/R   2 0 0 0.037 0 x 
(Coelho et al ,2012, 
Green City Index 
2011) 
11 
Collection Coverage: “This refers to 
the proportion of the population that 
is responsible for waste collection 
and street sweeping services”  
S 100   100 100 0.022 2.2 √ (UN-HABITAT , 2010; Wilson 2012) 
  Construction & Demolition                   
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No  Sustainability Indicators  
  DSR 
Scale 
Actual 
Score Weight Final 
score 
Spatial Ref 
    Max Min     √ x 
12 Recycling: “percentage of total waste which is recycled”. R 90 70 28.3 0 0.067 0 x 
(UN-HABITAT, 
2010;  MEWR 2013) 
  Financial sustainability                    
13 
 Solid waste budget per capita per 
year ( collected and disposed cost) 
US $/Capita/ year. 
C 75   193 0 0.017 0 x (HABITAT, 2010; Wilson, 2012)  
  Governances & Policies                   
14 
Waste collection and disposal 
policy: “measure of a city’s efforts 
to improve or sustain its waste 
collection and disposal system to 
minimise the environmental impact 
of waste” 
R 100 0 4 66.66 0.067 4.46 x 
(Boselli et al., 2011; 
Shields and Langer, 
2009) 
15 
Waste recycling and re-use policy: 
“measure of a city’s efforts to 
reduce, recycle and re-use waste” 
R 100 0 4 66.66 0.067 4.46 x 
(Boselli et al., 2011; 
Shields and Langer, 
2009) 
16 Public participation. R 100 0 20 20 0.037 0.74 x (HABITAT, 2010; Wilson, 2012) 
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6.3.6 Interpretation of the Results 
 
Using indicators in analysis is a powerful approach to assess in supporting decision 
making. In this section, the solid waste practices in Abu Dhabi Emirate are analysed by 
implementing the proposed framework and indicators. Applying the DSR approach 
helped to identify the type of the pressures from solid waste generation, the state of the 
quantity and quality of the city and the city’s response to measure disposal, reused and 
recycling policies, as shown in Figure  6-19  Pressure–State–Response (PSR) framework 
. 
 
Figure  6-19  Pressure–State–Response (PSR) framework 
Driving force:  
• Solid waste generation 
States: 
• Stream of waste 
• %Waste captured by the 
system 
• Landfills condition 
• %Collection Coverage 
• %Energy generation 
• %Waste  budget 
Responses: 
• Waste collection and disposal 
policy 
• Waste recycling and re-use 
policy 
• Public participation 
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 Figure  6-20 Result for Abu Dhabi’s solid waste sustainability performance based on 16 indicators 
score 
Based on overall assessment of Abu Dhabi Emirate performance, the spider web chart, 
as illustrated in Figure  6-20 evaluates the poor performance and excellent performance 
in Abu Dhabi’s sustainability, based on 18 indicator scores. The ranges of the scores 
show a discrepancy from zero centres of the circles and 100 edge of the circle. Each 
indicator’s score are provided in more detail in the following sections. 
6.3.6.1 Solid Waste Stream and Quality 
 
Generation of solid waste. On comparing the waste generation of Abu Dhabi Emirate to 
the threshold value and also to high income countries, it is found to be significantly 
high; the range in high income countries is 0.7 to 14kg/day/person (Hoornweg and 
Bhada-Tata, 2012). The solid waste generated kg per capita in Abu Dhabi Emirate was 
15.7 in 2012 (AlJeetawi, 2013 ). Based on experts’ evaluations, this indicator was 
assigned the highest weight (0.122) when compared with other indicators. 
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Generations of municipal solid waste. Although the government stakeholders argued 
that the high rate of total waste generation in Abu Dhabi is mainly due to C&D 
activities, it would seem that the municipal waste generation pet capita in Abu Dhabi is 
significantly high compare to the threshold values. Abu Dhabi generated 5.8 kg/day of 
municipal waste (AlJeetawi, 2013 ), while the threshold values is between 1–2.5. On the 
other hand, according to the World Bank report (2012), the high income countries 
generation rate is between 4.5–11Kg/day/capita. 
 
The indicator provides a clear image of the Abu Dhabi Emirate solid waste generation 
challenges.  The solid waste generation is extremely very high and expected to increase. 
it indicates a need for  potential responses from decision maker, such as implementing 
policies for reducing  and recycling waste. 
 
Generation of hazardous solid waste. The amount of hazardous solid waste from 
medical and industrial sources in Abu Dhabi Emirate is small, at about 33,390 tonnes in 
2010. In contrast, the waste in oil industries is significant high. Elshorbagy and 
Alkamali (2005) estimated the annual solid waste generation from oil and gas sectors in 
Abu Dhabi at around 650 kg/ capita. However, Abu Dhabi recently started to generate 
energy from nuclear sources; as a result, there will be an amount of radioactive waste 
that must be taken into account. 
 
Stream of solid waste generation. The C&D sector is the largest waste stream, 
contributing 49.4 per cent of total waste generated by the city, while the municipal waste 
is the second and contributed 33 per cent, agriculture and green areas contribute 6.4 per 
cent, and commercial and industrial sectors contributed 6.3 per cent. So the majority 
stream of solid waste in the Emirate is from C&D, as well municipal waste, which 
requires action from decision makers in these areas. 
 
Stream of municipal solid waste. Abu Dhabi Emirate is similar to the most of the cities 
in the area, having a majority of organic waste stream, as illustrated in Table  6-19. It is 
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noticeable that the organic fraction is 39 per cent. This is higher than that of high 
income countries. 
 
Table  6-19  Composition of municipal waste by income level 
Income Level Organic 
(%) 
Paper (%) Plastic 
(%) 
Glass 
(%) 
Metal 
(%) 
Other 
(%) 
Low income 64 5 8 3 3 17 
High income 28 31 11 7 6 17 
Abu Dhabi  39 25 19 4 3 10 
Source: abstracted from (SCAD, 2012c, Hoornweg and Bhada-Tata, 2012) 
Food waste is the largest waste stream in low income cities; the main reason is the 
consumption of fresh vegetables and fruits, which results in more waste (Suzuki et al., 
2010). In Abu Dhabi Emirate, the reason for the high fraction of organic waste 
generation is slightly different; the cultural behaviour of consuming and preparing large 
quantities of food (especially for guests) is the main reason for a high portion of organic 
waste in the area. However, it is easy to manage the organic waste compared to other 
streams. This will give Abu Dhabi a good opportunity to enhance the amount of the 
disposed waste effortlessly. 
6.3.6.2 Environmental Control and Resource Management 
 
Solid waste captured by the system. The indicator showed that 80 per cent of the total 
solid waste has been captured by the government’s system, while around 20 per cent has 
been dumped illegally in the desert. This will require urgent action from stakeholders to 
stop illegal dumping to protect the environment. However, in all high income UN-
Habitat reference cities, the percentage is 100 per cent. Table  6-20 illustrates the waste 
disposal by income level. 
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Table  6-20  Waste disposal by income level 
Income 
level 
State of the art 
thermal 
treatment 
State of the art 
landfill 
Disposal simple 
controlled sites 
Disposal open 
dumps, illegal 
dumping 
Low 
income 0 29 23 49 
High 
income 25 75 0 0 
Abu 
Dhabi  0 0 80 20 
Source: (EA, 2011, Wilson et al., 2012) 
Landfill disposal. The indicator measures the disposal of waste in landfill or controlled 
disposal sites as a percentage of total waste generated; Abu Dhabi has very poor 
performance in waste disposal, with 96.5 per cent of total municipal waste land filled, as 
compared with the threshold values. The total waste land filled in Singapore was three 
per cent in 2012 (MEWR, 2013), while in UN-Habitat 20 cities, high income cities had 
an average for both landfill and thermal treatment of about 46 per cent of total waste. 
Disposing of municipal waste in landfill as unsorted waste is a serious concern, which 
needs fast and effective action; however, according to (Binsal Abdul Kader, 2011), until 
now Abu Dhabi Emirate has lost 1800 hectares of land to landfill.   It is very ineffective 
to select landfill as the first solution to waste disposal; landfill is supposed to be the last 
alternative: first reduce, re-use recycle and reconvert the energy, then the landfill must 
be the final disposal alternative. 
 
Landfill condition. Abu Dhabi Emirate has poorly designed and operated landfills. 
Significant criteria have been used to assess the landfill condition, which are: leachate 
control, landfill gases control, noise control, odour monitor; these items have been 
selected based on US EPA manual. Further, the availability of sorting mechanisms has 
added to the scoring list. Based on all of these criteria, Abu Dhabi’s performance is 
scored at 47 out of 100. 
 
Recycling and composting. In Abu Dhabi, only 3.5 per cent of the total waste generated 
is recycled and composed. This number is excluding C&D waste (SCAD, 2012c). This 
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is a poor performance when compared to the threshold value. The fraction of this waste 
is 2.6 per cent composted and 0.9 per cent recycled. This is very low when compared to 
the high income cities in UN-Habitat, as shown in Table  6-21.  The average percentage 
of recycling in high income cities is 54 per cent. Improving poor recycling practices in 
Abu Dhabi is a priority issue. Recycled waste can be an alternative to landfill disposal, 
but at the beginning it is necessary to build and create recycling infrastructure. 
Table  6-21  Percentage of municipal waste recycled by income level 
Income Level Recycling & composting % 
Low income 27 
Lower middle income 24 
Upper middle income 14 
High income 54 
Abu Dhabi  3.5 
Source: abstracted from (SCAD, 2012c,Wilson et al., 2012)  
Energy generation. Abu Dhabi Emirate scored a poor performance in this indicator.  
There is no energy generation from waste in the Abu Dhabi Emirate either from landfill 
or incineration. Waste to energy is an important opportunity for Abu Dhabi, as the 
greenhouse gases generated from waste can be used to generate clean electricity and 
reduce the amount of GHG emission. 
 
Collection coverage. In Abu Dhabi Emirate, the waste collection services are extremely 
good and 100 per cent of the population receives a daily high quality waste collection 
and street sweeper service. The high standards of cleaning and waste collection services 
are consistent with the socio-economic position of the Emirate. 
6.3.6.3 Construction and Demolition Waste 
 
Recycling C&D waste. C&D is the largest contributor of solid waste in Abu Dhabi 
Emirate; only 28.3 per cent of C&D waste is recycled, while EU Directive 2008/98/EC 
on waste recycling and recovery targets ‘70% preparing for re-use, recycling and other 
recovery of construction and demolition waste’ (European Commission, 2012). Abu 
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Dhabi has very poor performance in C&D waste recycle, to reduce the waste generation 
by this sector, the Centre of Waste Management in Abu Dhabi (CWM) has been 
recently implemented the C&D waste reduction strategy. For contractors who generate 
more than 250 tonnes of waste, a progress report must be submitted. According to the 
CWM (2013), the report will illustrate the action plan of waste management on site, 
waste reduction and recycling plans and the report will be audited by an environmental 
consultant from Abu Dhabi Environmental Agency (EAD). Failing to implement and 
report correct waste management programmes may lead to penalties.  Abu Dhabi 
Emirate usually blame in low recycling amount,  future expectations on the role of 
CWM are very high, CWM is sought to encourage residents, consultants and contractors 
to adopt eco environment approaches.  
6.3.6.4 Financial Sustainability 
 
Solid waste budget. In Abu Dhabi Emirate the waste disposal and recycling operation 
costs about US$ 409 million a year (Binsal Abdul Kader, 2011); per capita 193 
US$/capita/year. The total waste collection budget includes the infrastructure of about 
US$ 185 million per year per tonnes, based on US$175 per tonnes. Considering the low 
labour costs and fuel costs in Abu Dhabi, it will be difficult to make a comparison. 
However, according to the World Bank report (2012), high income countries spend 
between US$ 85–250 in collection municipal solid waste, which represents less than 10 
per cent of the total budget and the largest amount of budget expenditure in disposal. 
According to SWA Solid Waste Management Guidelines (2012), the range of spending 
in solid waste management must be between 0.3%–0.5% of GDP/capita (ISWA, 2012), 
Abu Dhabi Emirate GDP per capita is very high, with about USD 49,600 and solid 
waste budget USD 193/capita/year; city solid waste budget per capita as percentage of 
GDP is about 0.4 per cent; this is as per the guidelines. 
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6.3.6.5 Governance and Policies 
 
Waste collection and disposal policy. Waste collection and disposal policy indicators 
provide a clear image of government mechanisms to manage waste and achieve 
sustainability. In Abu Dhabi Emirate there is no legislation to enhance citizens’ waste 
generation pattern, there is no legislation relating to recycling and there are no penalties 
for the illegal dumping of waste. Dumping waste at many locations in Emirate is a 
serious problem: 20 per cent of total waste is disposed illegally in Abu Dhabi Emirate 
(EAD,2010), and policy should be established. To assess the waste collection and 
disposal policy, existing policies, and implementation of key policies was evaluated. 
These are: waste collection policies, waste disposal policies, penalty paid due to illegal 
dumping of waste; the final score for Abu Dhabi’s performance is 67 out of a possible 
100. 
 
Waste recycling and re-use policy. In the case of waste reduction policies, the Abu 
Dhabi government has been long aware of waste generation problems and they are 
struggling to reduce the amount of waste generation. Many policies and laws were 
created; the last one is the ‘Decree of the Executive Council No. (2c24/2009)’, on waste 
collection fees from the commercial and industrial sectors; however, the problem is 
missing the complete framework and the enforcement to apply this legislation. Abu 
Dhabi’s performance scored 67 out of 100. 
 
Public participation. The indicator was developed to measure the percentage of all 
public stakeholders included in decision making and implementation of solid waste 
management. In Abu Dhabi, there are no clear policies to involve the public and no 
government organisation in waste management systems; in fact, the public do not really 
care about solid waste crises. Community behaviour is a concerning issue, focusing on 
promoting and encouraging local societies is extremely important. To measure public 
participation the main issues have been evaluated as: legislation and practical 
mechanisms promotes public participation in the decision making, and campaigns that 
aim to involve the public and public satisfaction about waste management services. Abu 
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Dhabi’s performance scored 20 out of 100. Overall, more waste means more disposal 
facilities and more cost for management. The random elimination of solid waste might 
lose economic value, In addition to the accompanying negative effects on the 
environment and health, waste generation is directly linked with traffic problems, air 
and water pollution. The indicators that have been developed are a good start to assess 
city performance, but to achieve sustainability, stakeholders must work together. 
6.3.7 Discussion 
 
Analysis of solid waste in Abu Dhabi Emirate shows that solid waste management and 
citizens’ practices are very poor. Improved waste management is an area of significant 
future opportunity for Abu Dhabi. The solid waste generation per capita is very high. 
According to the Abu Dhabi Environmental Agency, the amount of solid waste is 
expected to increase significantly over the coming years, associated with population 
growth and economic development (EAD, 2010). Similarly, as discussed earlier, 
lifestyle and public behaviour also play a key role in the high waste generation in the 
Emirate. Public behaviour change has become a major factor in Abu Dhabi’s 
sustainability. Personal behaviour change is a big challenge facing the Abu Dhabi 
government, and improving the current behaviour of the public is absolutely imperative. 
Comprehensive awareness programmes to reduce, recycle and re-use materials might be 
part of the solution. However, the main issue remains the absence of appropriate 
legislation pertaining to waste disposal and execution of those that are in force. The 
government should restrict the waste generation per person and apply reasonable waste 
taxes. 
 
On the other hand, solid waste recycling is limited in Abu Dhabi Emirate. Effort is still 
required for collection and separation systems that will help to increase the recycling 
system, reduce growing waste loads in landfill, and further, save city’s economy. In the 
Emirate, in most cases waste are not segregated into different bins at the waste sources; 
if they separated, are separated only in sorting stations. There is only Al Ain sorting 
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plant in Al Ain region, this is another pressure point, and strategies are needed to 
improve personal behaviours. 
 
Waste disposal is one of the most serious environmental problems in Abu Dhabi 
Emirate, and there are strong international concerns about the possible negative health 
effects of landfill (Koshy et al., 2007). Landfills are a source of greenhouse gases and 
global warming. The most significant gases produced from landfill are methane and 
carbon dioxide, which are released during the breakdown of organic matter from 
municipal solid waste (Johari et al., 2012). However, the gases can be useful and are 
able to be converted to green energy. Waste-to-energy is an important opportunity; the 
greenhouses gases that come from waste can be used to generate clean power. As 
discussed previously, all landfill in Abu Dhabi Emirate are unlined, and leachate from 
landfill sites can pollute groundwater. Leachate is the liquid that seeps through landfill 
as a result of infiltration of wastes; the negative impact of landfill leachates on the 
surface and groundwater has been established in great amount of research (Thomsen et 
al., 2012), especially if it is unlined as is the case with Abu Dhabi Emirate landfills. This 
might cause serious water pollution in the area. The current exposed waste at some 
landfill sites in Abu Dhabi Emirate is another issue, which attracts birds and animals. 
During the rainy seasons it is worse, and it becomes water logged, meaning that 
drainage is also an issue. These issues all need to be addressed from stakeholders in the 
pursuit of sustainable future for Abu Dhabi Emirate. 
6.3.8 Summary and Conclusions 
 
This section proposed a solid waste index to assess the sustainability of Abu Dhabi 
Emirate. It discussed solid waste management practices, and compared the city’s 
performance to other global cities. The solid waste index seeks to understand and derive 
knowledge in a given local environment. The major goal of indicators is to assess 
sustainable development of the city’s solid waste. The figures provided through 
developed indicators can be a powerful tool to assess the current performance, and the 
trends of the performance. One of the most challenging aims is to examine the reliability 
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of developed indicators:. To be successful in their role, indicators must be meet the 
following criteria: be relevant and able to monitor progress towards objectives, be 
simple to understand, provide trustworthy information, be easy to access and provide 
timely information, be easy to measure, and finally, represent all concerns and issues, 
among the environmental, social and economic aspects of sustainability (Brandon and 
Lombardi, 2011). 
6.4 Developing Abu Dhabi’s Sustainability Energy Index 
 
According to figures for the year 2011, Abu Dhabi’s energy consumption was the 
highest globally. The Emirate also accounted for highest carbon footprint (11,380 kg of 
oil per capita) (SCAD, 2012a). The consumption figure is also expected to increase 
sharply. The two segments that increased this consumption are domestic power and 
transportation fuel. Fast population growth, unique weather, gross floor area and high 
energy subsidies are the main driver of high energy consumption. Abu Dhabi is 
committed to generate seven per cent of its total energy from renewable sources and 26 
per cent from nuclear energy by 2020 (SCAD, 2012a). It is unlikely, with the current 
pattern of consumption, that Abu Dhabi will be able to achieve its target. 
 
This section aims to develop a set of sustainability indicators for the unique and 
challenging Abu Dhabi environment. The anticipated framework has 21 indicators that 
have been categorised into six segments; namely, energy utilisation, energy 
effectiveness, environmental safeguards, monetary sustenance, policy making and 
administration. A consolidated cause-effect method, DSR, was used to interrelate the 
indicators. 
 
As with the water and solid waste indices, this index is structured around the DSR 
approach, where the driving force is related to energy consumption. The evidence of 
climate change as a result of CO2 emissions represents the state of which a response 
from government policies is expected. The analysis of the proposed energy indicators 
intended to help decision makers and city stakeholders in assessing the performance of 
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the city, and the values of the indicators over time highlight the city trend towards 
sustainability. This section will start with a brief outline of energy practice in Abu 
Dhabi, followed by the energy indicators’ studies in a literature review, then by 
developing Abu Dhabi’s energy sustainability framework and indicator for Abu Dhabi 
Emirate, interpretation of the results and a conclusion. 
6.4.1 Background 
 
Energy is a key contributing theme in the city and an important issue in achieving a 
sustainable built environment. The world’s energy demand has increased at an average 
rate of 2.0 per cent each year (Jovanovic et al., 2010); as a result, the CO2 emissions and 
global warming have increased, and most of present patterns of energy supply and use 
are unsustainable(Vera and Langlois, 2007). 
 
Agenda 21 was the main outcome of the Rio conference in1992: Chapter 9: ‘Protection 
of the Atmosphere’ states in regard to energy that it is: 
Produced and consumed in ways that could not be sustained if technology were to 
remain constant and if overall quantities were to increase substantially. The need to 
control atmospheric emissions of greenhouse and other gases and substances will 
increasingly need to be based on efficiency in energy production, transmission, 
distribution and consumption, and on growing reliance on environmentally sound 
energy systems, particularly new and renewable sources of energy’ (UN, 1992a). 
 
Moreover, Chapter 4: ‘Changing Consumption Patterns’, refers to the need for more 
focus on unsustainable patterns of production and consumption; encouraging people to 
use energy more efficiency and to use renewable sources of energy (UN, 1992a). 
Further, the same document in Chapter 40 underlines the importance of the indicators 
and encourages countries to develop sustainable indicators to help decision makers to 
evaluate and enhance their performance, Based on that, many national and international 
organisations have developed their sustainable energy indicators to measure and assess 
the current and future sustainability. The UN published guidelines and methodologies 
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for indicators of sustainable development (UN 2001). The consumption and production 
patterns include three energy indicators: annual energy consumption (total and by main 
user category), intensity of energy use (total and by economic activity) and share of 
renewable energy sources in total energy use (UN, 2001). To complete the work, IAEA 
and other international and national organisations presented at the ninth session of the 
Commission on Sustainable Development (CSD-9) in 2001, under the name ‘Indicators 
for Sustainable Energy Development’ (ISED). This developed a full list of energy 
sustainability indicators. In 2005, and international initiative was undertaken by (IAEA) 
in cooperation with the UN Department of Economic and Social Affairs (UNDESA), the 
International Energy Agency (IEA), the Statistical Office of the European Communities 
(Eurostat) and the EEA, to publish a framework for a set of energy of indicators and 
guidelines, which reflected the experience of these agencies. The published framework 
consists of 30 indicators, classified into seven themes and 19 subthemes, social, 
economic and environmental dimensions. The framework was modified to use the 
themes and subtheme framework in place of DSR, as this was unwieldy and subject to 
definition difficulties (IAEA et al., 2005). 
 
Energy indicators are a powerful tool that can help to identify causal relations between 
energy, the environment economics, and the social nexus; the values of indicators over 
time highlight the trend towards sustainable development (Vera and Langlois, 2007). 
6.4.2 Energy Practices in Abu Dhabi Emirate 
 
The production and consumption of energy has led to critical severe environmental 
impacts at the local and global level (Medina-Ross et al., 2005). In UAE, energy is an 
important factor in the country’s economy. UAE is one of the highest users in energy 
consumption and production. According to World Energy Council (2012), UAE 
improved their ranking in the Energy Sustainability Index by five places up to 44, by 
enhancements in the environmental performance in all indicators of the index (WEC, 
2012). 
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Abu Dhabi Emirate, the capital of UAE, has almost same scenario. Abu Dhabi is 
undergoing an ambitious growth plan that is destined to make the UAE one of the 
regional powerhouses within the Gulf area. However, the growth and development has 
resulted in a number of challenges that pose a threat to the actual growth plans of the 
economy. A capacity shortfall in electricity consumption was anticipated in the year 
2012. Residents of the city consume the largest amount of electricity, with their 
domestic consumption alone reaching 39 per cent. The commercial sector records a 
consumption of 29 per cent, while government and schools, together with the 
agricultural sector, consume 21 and 11per cent respectively. Efforts are currently 
underway to see to that a sustainable energy programme is implemented to offer a long 
term solution to the problem. The Abu Dhabi Future Energy Company, for instance, 
seeks to initiate technological developments, particularly in the areas of solar energy and 
wind power, as well as hydrogen power generation. The UAE has also focused its 
attention on nuclear energy as a viable long term solution to its energy challenges. 
 
This section seeks to carry out a comprehensive analysis of the Abu Dhabi energy needs 
situation, including making comparisons with other international cities, the carbon 
footprint of the city, as well as drawing conclusions on the best energy alternatives. 
However, to develop Abu Dhabi’s suitability indicators, it is important to understand the 
city’s status, what the current energy practice is, and what is the city’s need in terms of 
concern issues. The following section will give an overview of energy practice in the 
Abu Dhabi Emirate. 
6.4.3 Identifying Energy Sustainability Indicators 
 
As discussed in methodology chapter, the DSR framework has been selected because of 
the ability of this framework to define the case and response, which is very important for 
the decision maker. At the same time, it represents a simple approach to be understood 
by the decision makers and even the community. A DSR framework for energy in Abu 
Dhabi is where the driving force is related to energy consumption. The evidence of 
climate change as a result of CO2 emissions represents the state, of which a response 
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from government policies is expected. The analysis of the proposed energy indicators is 
intended to help decision makers and city stakeholders in assessing the performance of 
the city and the values of the indicators over time highlight the city trend towards 
sustainability. 
Following are the abstracts of some of the main reports and literature reviews that 
helped to develop Abu Dhabi solid waste index. 
 
Thailand’s energy security indicators: Martchamadol (2012) has developed energy 
security indicators for Thailand on the basis of a number of existing indicators; the 
proposed framework contains five categories and 19 indicators using 1986–2009 data to 
estimate energy security during 2010–2030. Three scenarios have been used; namely, 
high economic growth and least cost option (HEG&LC), low carbon society (LCS), and 
current policy (CP). The results illustrate that the LCS scenario reveals a higher energy 
security or lower vulnerability to energy risk on a long term. To achieve this, the 
percentage of reduction of energy intensity should be increased to 60 per cent 
(Martchamadol and Kumar, 2012). 
 
Sustainable energy policy indicator: Patlizianas in (2008) studied the existing 
frameworks and methodologies of energy indicators, and proposed an operational 
framework to support the policy makers/analysts/citizens towards a sustainable energy 
policy making, the proposed framework contains three categories and 19 indicators, 
Security of supply, Competitiveness of energy market and environmental protection 
(Patlitzianas et al., 2008). 
 
Vera (2007): summarised the sustainability energy indicators that were proposed by an 
international partnership initiative (UN, EU, IEA & EISD) that aims to provide an 
analytical tool for assessing energy production and use patterns. The article used some 
examples to illustrate the applicability of energy indicators for each specific country, to 
show how it can be an effective tool for decision makers to evaluate and design the 
sustainability of the area. 
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Tsai (2010): evaluated the Taiwanese energy sustainability indicators that were 
developed in 2003, based on the PSR framework. The three energy sustainability 
indicators were of CO2 emissions per capita, energy intensity and renewable energy 
production have been analysed. Between the periods 2000–2008, and the result has 
illustrated the positive progress in direction of energy sustainability (Tsai, 2010). 
6.4.4 Abu Dhabi’s Energy Sustainability Index 
 
The developed indicators covered the main energy challenges and concerns in Abu 
Dhabi Emirate, which are outlined in the following sections. 
6.4.4.1 Accessibility 
 
Population with access to electricity (%). The share of population with access to 
electricity. This state indicator has been used in almost all energy indices, to monitor 
progress in accessibility and affordability of electricity services (IAEA et al., 2005). 
6.4.4.2 Energy Use and Efficiency 
 
Energy use per capita. One of the commonly used pressure indicators, it measures the 
amount of primary energy used per capita, assesses long term city efficiency (Shane and 
Graedel, 2000), and illustrates the energy consumption trend. This indicator measures 
the total energy used before it is converted or processed to any other end-use fuel or 
electricity; these include crude oil and natural gas in Abu Dhabi Emirate. In this study, 
the energy efficiency scale is set to be 3.0 toes/ capita or less. The target is based on the 
BP statistic report in 2012, where the countries’ consumption of energy where divided to 
five categories from 0–1.5, 1.5–3.0, 3.0–4.5, 4.5–5.5 and more than six toe/capita, so the 
average of this amount was used to measure Abu Dhabi Emirate’s performance. 
However, Shane and Graedel (2000) used 2.5 toe/ capita as a target in their study. 
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Electricity consumption per capita. This pressure indicator measures the total amount of 
end use of electricity consumption per capita and the trend of consumption. As in Abu 
Dhabi Emirate, electricity is the main source of the energy in buildings, including for 
heating and cooling, it is really important to measure the city’s performance in 
electricity consumption per capita. 
Stream of city electricity consumption. This state indicator analyses the percentage of 
each sector contributing to city electricity consumption (residential, industrial, 
agricultural, commercial/services). An analysis stream of electricity consumption 
supports assessment of each sector and its impact on the environment. It then assigns the 
critical sectors and their trends. 
 
Disparities. Household electricity use for each income group; this state indicator 
evaluates electricity disparity and affordability by assessing the electricity consumption 
for each income group in the city (IAEA et al., 2005). 
 
Share of transport sector. This indicator measures energy consumption in the 
transportation sector from the total city energy consumption. (Martchamadol and 
Kumar, 2012) used this indicator to assess Thailand’s energy security. This indicator 
reflects the efficiency of energy consumption in transport, especially with cities like 
Abu Dhabi Emirate, transportation reflects the social lifestyle issues, and energy 
consumption in transportation is critical factor of city energy security. The global 
average is 26 per cent (IEA, 2009), while according to EIA statistics, in the USA, 
transportation accounted for 28 per cent from the total energy consumption in 2011. 
 
Grid efficiency. Efficiency of energy conversion and distribution, this indicator assesses 
the efficiency of energy conversion and distribution systems in losses occurring during 
energy transmission and distribution. 
 
Diversification (fuel mix). This refers to the sharing of fuel in energy and power 
supplies. According to the Energy Indicators Guidelines and Methodologies (2005), the 
energy supply mix is a key determinant of energy security. Different sources of energy 
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have different effects in the environment (IAEA et al., 2005), so it is important to assess 
the percentage of each source in the city energy supply, along with production and 
consumption. 
 
Safety. Number of annual fatalities per energy produced. This indicator measures the 
annual fatalities per energy production and its process, to assess risk and human safety 
during these activities. This indicator has been adapted from Energy Indicators 
Guidelines and Methodologies (2005). 
 
Renewable energy. Energy used from renewable source (such as solar, wind, 
hydroelectricity and biomass) as a percentage of total energy consumption. This 
indicator has been used almost in all energy indexes and is recommended by Energy 
Indicators Guidelines and Methodologies (2005). Shane and Graedel (2000) ranked the 
percentage of renewable energy used as highly environmentally efficient if > 40 per 
cent, as medium environmentally responsible at 20 to 40 per cent, and as low and needs 
work at < 20 per cent. 
 
Energy intensity. Energy use per unit of GDP is a pressure indicator that is usually 
defined as a measurement of the energy efficiency in producing a given level of output 
activities (Tsai, 2010). The indicator reflects the primary energy consumption in relation 
to the city economy. The energy density can show the trend to sustainability as either 
positive or negative. The minimising energy density consumption means higher 
efficiency of energy consumption, as result of less of fuel consumption with 
concurrently increasing GDP (Tsai, 2010). 
 
Household electricity intensities (kWh/capita). Household is a one of the main sectors of 
city energy consumption, and an important driver of high global electricity demand. 
This indicator monitors the amount of energy using in household; it is important to 
assess the performance of household. 
Transport energy intensities (toe per passenger-km). Transportation is a one of the main 
sectors of energy consumption, and an important driver of high global oil demand. This 
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includes gasoline, diesel, kerosene, and natural gas. In the Energy Indicators Guidelines 
and Methodologies (2005) this indicator assesses the amount of energy used in different 
types of vehicles for both human and goods transportation (IAEA et al., 2005). 
6.4.4.3 Environment Protection 
 
Climate change. Carbon dioxide (CO2) emissions from energy activities, a regular and 
important state indicator, reflects global climate change. The indicator measures carbon 
dioxide emissions from energy production and use per capita. In Abu Dhabi Emirate, the 
energy sector is the greatest contributing sector to CO2, and greenhouse emissions 
account for 95 per cent of emissions (EAD, 2012). In this study, the emissions from 
energy include the emission from electricity and water production, oil and gas 
production and transportation in Abu Dhabi Emirate. 
 
Air Pollution. The indicator reflects the air pollution resulting from energy activities in 
the city. This indicator has been recommended by IAEA Guidelines and Methodologies 
(2005). To evaluate air pollution in the area, two main gases have been selected. This is 
because these are the main sources of air pollution and data availability. With the 
emission of sulphur dioxide (SOx), which is mainly related to fuel quality and nitrogen 
oxides (Nox), which result from fuel burring, the indicator can to evaluate the quality of 
air and the trends of emissions in the city. 
 
Water pollution. Contaminant discharge in liquid effluents from energy system in 
tonnes. Sea water quality is critical issue for human safety, and marine life and 
environment. The indicator evaluates the discharge from oil, gas and electricity 
production into the Gulf Sea. 
 
Solid waste. Ratio of solid waste generation to units of energy produced. This indicator 
measures the quantity of solid waste created annually from activities related to primary 
fuel use, and the weight of waste per unit of energy produced (IAEA et al., 2005). 
6.4.4.4 Financial Sustainability and Affordability 
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End-use energy price. This pressure indicator reflects the final price paid by consumers 
for energy services. This indicator is an important indicator that measures the price of 
energy unit per US$. According to the energy indicators Guidelines and Methodologies, 
‘Energy prices are driving forces for incentives or disincentives for consumption or 
conservation, or efficiency improvements’ (IAEA et al., 2005, p79). This includes first, 
the electricity tariff US$/kWh, for different sectors of consumers (i.e., residential, 
commercial, industrial) and second, fuel price, an average price in US$ per litre of 
regular gasoline and diesel, which are generally used in different types of vehicles. 
 
Household energy expenditure load. The indicator assesses the city energy affordability, 
the ration of household energy expenditure in energy and the average of household 
income, including both spending in electricity and fuel; this indicator is directly related 
to the earlier indicator ‘energy price’. This indicator has been recommended by IAEA 
Guidelines and Methodologies (2005). It was used in developing energy security in the 
Pacific 2011. 
6.4.4.5 Governance and Policy 
 
Clean and efficient energy policies. An assessment of the comprehensive policies 
promoting, and the legislation enforcing, the use of clean and efficient energy. This 
indicator has also been used in the Green City Index of 2009 and 2011. 
 
Public participation. This indicator measures the public engagement in activities of 
clean and efficient energy use. According to Doukas et al. (2012), engaging the public to 
action on climate change and fostering citizens to adapt to sustainable energy patterns 
remains a challenge.  
Table  6-22 presents the initial proposed indicators as a result of previous process 
indicators; these are grouped into six categories: energy accessibility, energy use, energy 
efficiency, financial sustainability and affordability, environmental protection, 
governance and policy.  
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Table  6-22  Initially proposed Abu Dhabi’s energy sustainability index 
# 
 Sustainability Indicators  
  
Unit DSR Scale AD Data Score Spatial 
Ref 
Max Min   √ x   
  Accessibility                 
1 Population with access to electricity  % S 
100
%  100%  √ 
(SPC, 2011; IAEA et al., 
2005) 
  Energy Use & Efficiency                 
2 Total energy use (primary energy) 
(kgoe/c
ap) D 3,000 1,800 11,103  √ 
(Shields and Langer, 2009; 
Shane and Graedel,  2000;  
; SCAD, 2012) 
3 Electricity consumption  (kWh/cap) D 
10,22
7 2,974 20,390  √ 
(IAEA et al., 2005;  SCAD,  
2010) 
4 Electricity consumption by Sector  % S 
World Avg: 
Household 
28% 
Commercial 
8%  
House 
30.1%, 
Comm28.8%
, Gov 25.1%, 
Agr 7%, 
Industry 8% 
 
√ 
(Moussiopoulos, 2010; 
Brand & Lambardi, 2011; 
SCAD,  2012) 
5 
Disparities: “Household 
energy use for each income 
group and corresponding fuel 
mix” 
(kWh/ 
year) D 
3,47
1   
Ex- pats ( Flats 
7,200- 12,400, 
Villas 32,100- 
97,000), 
Nationals 
(Flats 12000, 
Villas 93,000-
97,000) 
 
√ (Shrinkthat footprint, 2010; EAD, 2010) 
6 
The share of energy 
“consumption in 
transportation sector per total 
final energy consumption” 
% S 26 20  27% 
 
 
(Martchamadol, 2012; IEA 
2009, SCAD, 2011) 
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# 
 Sustainability Indicators  
  
Unit DSR Scale AD Data Score Spatial 
Ref 
Max Min   √ x   
7 
Grid efficiency: “% 
Electricity transmission and 
distribution losses” 
% S 5.9   5.9%  
 
√ (Savacool,  2011; IAEA et al., 2005) 
8 
Safety: “Number of annual 
fatalities per energy produced 
by fuel chain” 
# S   0 18 
 
x (IAEA et al., 2005;  SCAD, 2012) 
9 
Diversification (fuel Mix): 
“Fuel shares in energy and 
electricity” 
Score S 10 0 
natural gas 
96%, Crude 
Gas& Oil 4% 
 
x (IAEA et al., 2005;  SCAD, 2012) 
10 
Renewable Energy: “energy 
used from renewable source 
as a percentage of total 
energy consumption” 
% S/R 40 20 0% target 7% in 2020  √ 
(IAEA et al., 2005; Shane 
& Graedel, 2000;  SCAD, 
2012) 
11 
Energy intensity: “Total 
annual energy consumed by 
the city, in per unit of GDP “ 
US$ D 181.5 154.9 135.5  x (IAEA et al., 2005) 
12 End use: “Household electricity Intensities” 
(kWh/c
ap) D 731   7,207  √ 
(Shrinkthat footprint, 2010, 
SCAD,  2010) 
13 End use: “Transport energy Intensities” 
toe 
/passen
ger/km 
D 
  
2.3 _ 
 
√ (IAEA et al., 2005) 
  Environment Protection                 
14 
Climate change: “CO2 
emission from energy 
activities”  
tonnes 
/cap S 10.1 4.7 26.2  √ 
(IAEA et al., 2005; Olivier, 
2012;  SCAD, 2012) 
15 Air Pollution: “emission from energy industries” kT/year S 
Sox: 
30 
NOx: 
50  
 
SO2=210/ 
NOx= 79   √ 
(Sokhi 2008, IAEA et al., 
2005;  SCAD, 2012) 
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# 
 Sustainability Indicators  
  
Unit DSR Scale AD Data Score Spatial 
Ref 
Max Min   √ x   
16 
Water pollution: 
“Contaminant discharge in 
liquid effluents from energy 
systems”  
Kg/yea
r S 0      √ 
(IAEA et al., 2005;  SCAD, 
2012) 
17 
Solid waste: “Ratio of solid 
waste generation to units of 
energy produced” 
kg/toe S 5 3   
 
x 
(IAEA et al., 2005;  
Elshorbagy & Alkamali, 
2005;  SCAD, 2012) 
 Financial sustainability & Affordability         
18 Affordability: Household energy Expenditure Load %  Score S 10 1    x 
(IAEA et al., 2005;  SCAD, 
2012) 
19 
Energy price: “Average price 
for electricity and fuel 
(regular gasoline)” 
US$/k
Wh, 
US$/L 
S/R 0.16, 1.91  
0.82, 
1.4  
Res =0.0082, 
Ind=0.0409 
fuel0.47 
 x (SPC, 201;  SCAD, 2012) 
 Governance & Policy           
20 Clean and efficient energy policies Score R 10 0    x 
(Boselli et al., 2011; 
Shields and Langer, 2009) 
21 Public participation Score R 10 0   
 
x (SPC, 2011) 
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6.4.5 Application of Delphi Technique in Setting Energy 
Indicators 
 
As discussed in methodology chapter, using the Delphi technique is part of the process 
for validating the proposed sustainability indicators and assessing their weights. With 
the Delphi technique, the target is to achieve consensus among selected experts in the 
field. A number of decision makers, specialists and experts in specific areas were invited 
to verify the developed indicators. 
6.4.5.1 Round One Questionnaire 
 
Components. The responses on the component-related questions are shown in 
Figure  6-21. It shows that for the component of accessibility, 58.7 per cent of the 
respondents agreed (they chose 4 or 5 on the 5-point Likert-scale). A consensus is 
considered to be achieved if more than 67 per cent of the respondents agreed. Of the 
respondents, 3.4 per cent disagreed and 37.9 per cent had a neutral response. For other 
components, it shows that 90 per cent of the respondents answered 4 or 5 on the 5- point 
Likert-scale; namely, more energy use and efficiency, environment protection, 
affordability and financial sustainability and governances and policies, with 90, 93, 90 
and 93 per cent of the respondents respectively agreeing. As the percentages of 
accessibility fell below 67 per cent, this component was taken into Round Two of the 
Delphi application. 
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Figure  6-21 Percentage of responses agreed on components 
Indicators. With regards to the initially identified indicators of Abu Dhabi’s energy, the 
responses are shown in Figure  6-22. It shows that more than 90 per cent of the 
respondents answered 4 or 5 on the 5- point Likert-scale for seven indicators; namely, 
energy use per capita, electricity consumption per capita, grid efficiency, climate 
change, air pollution, water pollution, clean and efficient energy policies. In addition, it 
shows that between 67 and 87 per cent of the respondents answered 4 or 5 for all other 
indicators; this means that for this study, all the offered indicators in the first-round 
questionnaire were agreed upon by the respondents. 
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 Figure  6-22  Percentage of responses agreed on indicators 
Importance of indicators. The responses from respondents on the importance of each 
indicator are shown in Figure  6-23. It shows that the indicator ‘climate change: CO2 
emissions from energy activities’ got the highest importance with an average of 9.3 (on 
the 10-point Likert-scale) followed (in order) by ‘renewable energy: energy used from 
renewable source as a percentage of total energy consumption’ and ‘air pollution: 
emissions from energy systems’, with 9.1 and 9 points respectively. The indicator ‘the 
share of energy consumption in transportation sector per total final energy consumption’ 
scored the lowest importance, with an average of 7.7. 
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Figure  6-23 Responses on the important of indicators 
Based on the results from Round One, the conceptual framework of Abu Dhabi’s energy 
was modified, as shown in Table  6-23. This modified framework was then brought to 
the next round of Delphi application. 
 
The modified framework incorporated suggestions from Round One to correspond with 
the four components of energy use and efficiency, environment protection, affordability 
and financial sustainability and governances and policies. 
  
7.500
8.000
8.500
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9.500
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Table  6-23   Proposed framework after Round One 
Category Indicators Unit 
Threshold 
Value 
Max Min 
  
Population with access to electricity  % 100 - 
Energy use per capita (primary energy) kgoe/cap/ year 3,000 1,800 
  Electricity consumption per capita  kWh/cap/ year 10,227 2,974 
Energy Use 
& Efficiency 
Identification of the stream of 
electricity consumption (residential, 
industrial, agricultural, 
commercial/services)  
Score Yes No 
  
Disparities: “Household energy use for 
each income group”  
Household/kWh/ 
year 
- 3,471 
 
  
The share of energy consumption “in  
transportation sector per total final 
energy consumption” 
% 26 20 
Grid efficiency: “Electricity 
transmission and distribution losses” 
% 5.9 0 
Safety: “Number of annual fatalities 
per energy produced by fuel” 
# - 0 
  Diversification: (fuel Mix): Fuel shares in energy and electricity 
Score Yes No 
  
Renewable Energy: “energy used from 
renewable source as a percentage of 
total energy consumption” 
% 40 20 
  
Energy intensity: “Total annual energy 
consumed by the city, in per unit of 
GDP”  
$/kg oil 
equivalent  
181.5 154.88  
  Household electricity intensities kWh/cap/year  731 
  
Transport energy intensities: “energy 
use per private passenger” 
MJ/Km - 2.3 
Environment 
Protection 
Climate change: “CO2 emission from 
energy activities” 
Tonne/cap/year 10.1 4.7 
  
Air Pollution: “emission from energy 
industries” 
Kg-tonne/year  SOx: 
30 
NOx: 
50 
  
Water pollution: “Contaminant 
discharge in liquid effluents from 
energy facilities”  
tonne/year - 0 
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Category Indicators Unit 
Threshold 
Value 
Max Min 
  
Solid waste: “ratio of solid waste 
generation to units of energy 
produced” 
kg/toe 5 3 
Affordability 
& Financial 
sustainability 
Affordability: “identification of the 
household energy expenditure load % 
(energy expenditure/average household 
income)” 
Score Yes No 
  
Energy price: “average price in US$ 
for electricity kWh and fuel L of regular 
gasoline” 
US$/KWh 
US$/L 
0.16 
1.91 
0.08 
1.4 
Governance 
&policy  
Clean and efficient energy policies: “an 
assessment of the effectiveness of 
policies promoting the use of clean and 
efficient energy” 
Score 10 0 
  
Public participation: “measure of the 
public engagement in activities of clean 
and efficient energy use”  
Score 10 0 
 
6.4.5.2 Round Two Questionnaire 
 
The first round of the survey (STEC-58-2012-ALSALMI) was completed in 2013. This 
survey is part of the process for validating the proposed sustainability indicators and 
assessing their weights for Abu Dhabi’s built environment. After completing the first 
round of the project, a new round was proposed to interview the key participants in the 
research, and to finalise the recommendations for the development of a framework of 
sustainability indicators for the city of Abu Dhabi. 
 
Components. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s energy sustainability components, and if they agreed with the structure 
components and with the ‘accessibility’ component being removed from the Abu 
Dhabi’s Energy sustainability Index. 
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The responses from respondents on the component-related questions show that two of 
the respondents agreed (they chose 4 or 5 on the 5-point Likert-scale), while one of the 
respondents had a neutral response. This respondent argued that the ‘accessibility’ 
component is commonly used in the energy index, and there was no reason for it to be 
removed from the index. 
 
Indicators. The respondents in this section were asked to assess the new structure of 
Abu Dhabi’s energy sustainability indicators. All of the respondents agreed (they chose 
4 or 5 on the 5-point Likert-scale). 
 
Thresholds. The respondents in this section were asked to assess the proposed 
thresholds, and if they agreed with the proposed threshold for respective indicators. The 
responses from respondents on the threshold-related questions show that all respondents 
agreed. They answered 4 or 5 on the 5- point Likert-scale on the threshold for respective 
indicators; namely, population with access to electricity, electricity consumption per 
capita, stream of energy consumption, share of energy consumption in transportation, 
grid efficiency, safety, diversification, transport energy intensities, climate change, air 
pollution, water pollution, ration of solid waste generation, affordability, energy prices, 
clean and efficient energy policies, and public participation. 
 
The following indicators had neutral responses from one out of three participants. The 
neutral responses are due to the uncertainty of the actual values of the thresholds for 
respective indicators; these were for the ‘energy use per capita’ and ‘disparities: 
household energy use for each income group’ indicators. For the indicator ‘energy 
intensity: total annual energy consumed by the city, in per unit of GDP’, all the 
participants had neutral responses, and the participants suggested removing the 
maximum value (181.5 $ kgoe). 
 
The thresholds of the ‘renewable energy: energy used from renewable source as a 
percentage of total energy consumption’ indicator has been modified based on the 
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respondents’ responses. All participants argued that the threshold value was high, and 
might be not applicable for Abu Dhabi Emirate’s environment. 
 
One respondent suggested removing the measuring NOx from ‘air pollution: emission 
from energy industries’, and evaluating the emissions of SOx from only energy 
industries; from his perspective it was difficult to control the NOx emissions as they 
were an outcome of fuel burning. 
 
Based on the results from Round Two, the conceptual framework of Abu Dhabi’s 
Energy Index was modified, as shown in Table  6-24. The modified framework 
incorporated suggestions from Round Two to correspond with the four components of 
energy use and efficiency, environment protection, affordability and financial 
sustainability and governances and policies. Additionally, the threshold value of 
‘renewable energy: energy used from renewable source as a percentage of total energy 
consumption’ indicator has been modified, and the maximum value has been removed. 
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Table  6-24  Abu Dhabi’s energy sustainability index 
No  Sustainability Indicators  DSR Scale AD Data Score Weight Final  Spatial 
Ref 
    Max Min     Score √ x   
  Accessibility                   
1 Population with access to electricity (%)  S 100%  100% 100 0.021 2.132 √ 
(SPC, 2011; IAEA et al., 
2005) 
  Energy Use & Efficiency                   
2 Total energy use per capita (Kgoe/cap) D 3,000 
1,80
0 11,103 0 0.065 0.00 √ 
(Boselli et al., 2011; 
Shane and Graedel,  
2000;  IAEA et al., 2005; 
SCAD, 2012) 
3 Electricity consumption Kwh/cap D 
10,22
7 
2,97
4 20,390 0 0.065 0.00 √ 
(UN-HABITAT, 2009;;  
SCAD,  2010) 
4 
Identification of the stream of 
electricity consumption 
(residential, industrial, 
agricultural, 
commercial/services)  
S 
World Avg: 
Household 
28% 
Commercial 
8%  
House. 
30.1%, 
Comm28.8
%, Gov 
25.1%, Agr 
7%, 
Industry 8% 
100 0.065 6.528 √ 
(Moussiopoulos, 2010; 
Brand & Lambardi, 2011; 
SCAD,  2012) 
5 
Disparities: “household 
energy use for each income 
group and by dwelling type 
(Household/kWh/ year)” 
D 3,471   
Expats ( Flats 
7,200- 12,400, 
Villas 32,100- 
97,000), 
Nationals 
(Flats 12000, 
Villas 93,000-
97,000) 
0 0.021 0.00 √ (Shrinkthat footprint 2010;  EAD 2010) 
6 
The share of energy 
consumption “in 
transportation sector per 
total final energy 
consumption” 
S 26 20 27 0 0.014 0.00   
(Martchamadol,  2012, 
IEA,  2009;  SCAD, 
2011) 
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No  Sustainability Indicators  DSR Scale AD Data Score Weight Final  Spatial 
Ref 
    Max Min     Score √ x   
7 
Grid efficiency: “% 
Electricity transmission and 
distribution losses” 
S 5.9   5.9 100 0.065 6.528 √ (Savacool, 2011; UN-HABITAT, 2009) 
8 
Safety: “number of annual 
fatalities per energy 
produced by fuel chain” 
S   0 18 18 0.021 0.384 x (IAEA et al., 2005;  SCADA, 2012) 
9 
Diversification (fuel Mix): 
“fuel shares in energy and 
electricity” 
S 10 0 
natural gas 
96%, Crude 
Gas& Oil 
4% 
1 0.036 0.036 x (IAEA et al., 2005;  SCADA, 2012) 
10 
Renewable Energy: “energy 
used from renewable source 
such as a percentage of total 
energy consumption” 
S/R - 20 0% target 7% in 2020 0 0.065 0.00 √ 
(IAEA et al., 2005; Shane 
and Graedel,  2000;  
SCAD, 2012) 
11 
Energy intensity: “total 
annual energy consumed by 
the city, in per unit of GDP 
(US$)” 
D 154.9 135.5 100 0.065 6.528 x (IAEA et al., 2005) 
12 
End use: “household 
electricity Intensities 
(kWh/cap)” 
D 731   7,207 0 0.036 0.00 √ (Shrinkthat footprint, 2010; SCAD 2010) 
13 
End use: “transport energy 
Intensities (toe 
/passenger/km)” 
 
D 2.3   2.5 0 0.021 0.00 √ (IAEA et al., 2005;  Millard-Ball, 2011) 
  Environment Protection                   
14 
Climate change: “carbon 
dioxide emission from energy 
activities (tonnes /cap)” 
S 10.1 4.7 26.2 0 0.110 0.00 √ 
 (IAEA et al., 2005; 
Olivier, 2012;  SCADA, 
2012) 
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No  Sustainability Indicators  DSR Scale AD Data Score Weight Final  Spatial 
Ref 
    Max Min     Score √ x   
15 
Air Pollution: “emission 
from energy industries 
(KT/y)” 
S 
SOx: 
30 
NOx: 
50 
  SO2x=210, NOx= 79 0 0.065 0 √ 
(Sokhi,  2008; IAEA et 
al., 2005; SCAD, 2012) 
16 
Water pollution: 
“contaminant discharge in 
liquid effluents from energy 
families(T/y)” 
 
S 0     0 0.065 0.00 √ (IAEA et al., 2005;  SCADA, 2012) 
17 
Solid waste: “ratio of solid 
waste generation to units of 
energy produced (kg/toe)” 
 
S 5 3 2.65 74 0.036 2.692 x 
(IAEA et al., 2005; 
Elshorbagy & Alkamali, 
2005; SCAD, 2012) 
  
Financial sustainability & 
Affordability                 
  
18 
Affordability: “household 
energy Expenditure Load % 
(energy expenditure/average 
household income)” 
 
S 100 0 10 10 0.021 0.213 x (IAEA et al., 2005;  SCADA, 2012) 
19 
Energy price: “average price 
in US$ for electricity kWh 
and fuel L of regular 
gasoline” 
 
S/R 0.16, 1.91  
0.82, 
1.4 
Res 
=0.0082, 
Ind=0.0409 
fuel0.47 
0 0.036 0.00 x (IAEA et al., 2005; SPC, 2011) 
  Governance & Policy                    
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No  Sustainability Indicators  DSR Scale AD Data Score Weight Final  Spatial 
Ref 
    Max Min     Score √ x   
20 
Clean and efficient energy 
policies: “an assessment of 
the extensiveness of policies 
promoting the use of clean & 
efficient energy” 
R 100 0 40 40 0.065 2.611 x 
(Shields and Langer, 
2009) 
21 
Public participation: 
“measure of the public 
engagement in activities of 
clean and efficient energy 
use”  
R 100 0 20 20 0.036 0.727 x 
(Shields and Langer, 
2009; SPC, 2011) 
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6.4.6 Interpretation of the Results 
 
In this section, energy sustainable development in Abu Dhabi Emirate is analysed by 
implementation of the proposed framework and indicators. This involves applying a 
DSR approach, where the driving force is related to energy consumption. The 
evidence of climate change as a result of CO2 emissions represents the state of 
which a response from government policies is expected. The analysis of the 
proposed energy indicators is intended to help decision makers and city stakeholders 
in assessing the performance of the city, and the values of the indicators over time 
highlight the city’s trend towards sustainability, as shown in Figure  6-24. 
 
 Figure  6-24 Pressure-State-Response 
 
Figure  6-25 Result for Abu Dhabi’s energy sustainability performance based on 21 indicators 
score 
Driving force:  
•Energy consumption 
States: 
Climate change  
 
Responses: 
•Government policy 
•Public participation 
0
20
40
60
80
100
Energy use per cap
Disparities
Renewable Energy
Household…
Climate change
Water pollution
Energy  price
Air Pollutionfuel Mix
Affordability:
Safety
Public participation
Clean and…
Solid Waste
 access to electricity
Grid efficiency
Energy  intensity
CHAPTER SIX 
229 
Based on overall assessment of Abu Dhabi performance, the spider web chart, as 
illustrated in Figure  6-25, evaluates the poor performance and excellent performance 
in Abu Dhabi’s sustainability, based on 21 indicator scores. The ranges of the scores 
show a discrepancy from zero centres of the circles and the 100 edge of the circle. 
Each indicator’s score are provided in more detail in the following sections. 
 
Share of population with access to electricity (%). The indicator shows that 100 per 
cent of the population has access to the electricity. Abu Dhabi Emirate is a highly 
developed city; like other high income cities, electricity accessibility is 100 per cent, 
with an excellent electricity network that has almost no power outages. 
 
Energy use per capita. In this indicator, Abu Dhabi scored a poor performance This 
indicator is significantly important to evaluate the pressure in city energy 
consumption, and comparing it to the world, as shown in Figure  6-26 (illustrating the 
world’s countries energy consumption (tonnes oil equivalents per capita), Abu Dhabi 
Emirate has one of the highest energy consumptions, with more the 11 toe/ capita 
(SCAD, 2012a). However less energy consumption does not always indicate a 
positive trend; in some countries it indicates the difficult social conditions of the 
area.  In Abu Dhabi the main sectors that share energy consumption are household 
and transportation (SCAD, 2012a), the industrial sector has small share of the total 
city energy consumption.  
 
It seems that life style and consumption patterns contribute to achieve high energy 
consumption per capita in Abu Dhabi Emirate. Consumption patterns play an 
important role in increasing energy consumption (Sudarshan, 2008, Noronha and 
Sudarshan, 2008).  This indicates the need to have effective policies and legislations 
to change residents’ behaviour; enforcement of legislation might help Abu Dhabi to 
adopt into better strategies to manage their energy resources. 
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Figure  6-26 World energy consumption tonnes oil equivalents per capita in 2010 
Source: abstract from (The World Bank, 2013)
 
Figure  6-27  Energy use per capita (kg of oil equivalent) for Abu Dhabi, UAE and OECD 
Source: (The World Bank, 2013) 
Despite all the information about the UAE available in the World Bank report, Abu 
Dhabi Emirate’s energy data is not available, so to calculate the amount of energy 
used in the city, consumption was estimated. This first looked at the difference 
between total crude oil/gas production and export, but the dates were not even, so the 
best alternative was to calculate the city consumption of crude oil/gas in electricity 
production, refined petroleum domestic sales and liquefied natural gas use; 
calculating these numbers gave less than the actual primary energy consumption by 
the city; however it may be around that number. 
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According to the World Bank statistics 2013, the OECD countries’ average energy 
consumption per capita is 4,742 in 2010, and the world average is 1,851. UAE was 8, 
271 and Abu Dhabi Emirate was 11,321 (kg of oil equivalent per capita) in the same 
year, as illustrated in Figure  6-27. This is compared to other countries such as 
Australia, Japan and Portugal, with consumption values respectively of 5,366, 3,584 
and 2,192 (kg of oil equivalent per capita).  
 
It has become apparent this indicator is a strong instrument, might use to measure 
Abu Dhabi Emirate’s sustainability performance and enhance the community 
oriented environmental decision making furthermore, increases consciousness of the 
local concerns.  
 
Electricity consumption per capita. The electricity consumption in Abu Dhabi 
Emirate also scored a poor performance. It has increased, as shown in Figure  6-28, 
and this raises concerns about its pressure on the environment, as well energy 
security in the area, due to limits in terms of the country’s natural gas reserves. 
 
 Figure  6-28 Electrical consumption comparison per capita kwh 
Source: abstracted from  (The World Bank, 2013; SCAD, 2012a)  
EAD (2010) points out that the increase in electricity consumption is due the rapid 
growth of population, together with the increased average consumption, and the 
expansion of inter-Emirate export market involving Dubai and the Abu Dhabi. 
However, the electricity consumption per capita in Abu Dhabi Emirate is one of the 
highest levels in the world, almost twice the OECD average and more than 6 times 
higher than global average. 
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Table  6-25 illustrates the top 10 world countries’ electricity consumption in kWh per 
capita. According to the World Fact Book, the UAE was rated in seventh place 
(Index Mundi, 2013), while if we compare Abu Dhabi Emirate, the capital of the 
UAE, it was the third highest world consumer, with more than 20, 00 kWh per 
capita. 
Table  6-25    World top 10 electricity consumption 2012 
Rank Country Electricity consumption kWh per 
capita  
1 Iceland 52,621 
2 Norway 24,558 
Abu Dhabi Emirate 20,390 
3 Kuwait 16,090 
4 Canada 16,020 
5 Finland 15,788 
6 Sweden 14,510 
7 UAE 13,281 
8 Luxembourg 12,676 
9 USA 11,920 
10 Australia 10,238 
Source: abstracted from  (Index Mundi, 2013) 
The total electricity consumption of the Abu Dhabi Emirate is outstandingly one of 
the highest in the world per capita. The period between the years 2000 and 2011 saw 
the annual consumption per capita registering between 18,500 and 20,390 kWh, 
according to the World Bank statistics in (2013). The US consumed 11,920 kWh 
during 2010. The OECD counties’ average is 9,783 kWh, which is about half the 
consumption of Abu Dhabi Emirate. 
 
Figure  6-29 illustrates the world countries’ electricity consumption in kWh per 
capita and compares it to Abu Dhabi. Like with energy consumption, less electricity 
consumption does not indicate a positive pattern; in some countries it indicates poor 
electricity availability in the area. This increase in consumption is because of the 
rapidly growing population, together with the increased average consumption, and 
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the expansion of inter-Emirate export markets involving Dubai and Abu Dhabi 
(EAD, 2010). 
 
Figure  6-29  World top electricity consumption kWh/ capita, 2012 
Source: (Index Mundi, 2013) 
 
The indicator provides a clear image of the Abu Dhabi Emirate electricity 
consumption challenges. it indicates a need for  potential responses, such as 
implementing policies for increasing efficient use and attitude change strategies. 
 
Stream of city electricity consumption. According to (SCAD, 2012a), in Abu Dhabi, 
the household sector is the largest electricity consumption stream, with a share of 39 
per cent of total electricity consumption by the city, while the commercial is second 
at 31 per cent, government consumption is 17 per cent, and the agriculture sector 
consumption is nine per cent. Accordingly, the major stream of electricity 
consumption in Abu Dhabi Emirate are the household and commercial sectors, and 
necessary action must be taken by the decision maker in the area.  Since the 
household sector is the largest consumption sector, hence, it is recommended that the 
decision maker study the reason why the household sector is the largest energy 
consumer. However, this is to be discussed in details later in the section of 
“Household Electricity Intensities” indicator.  Figure  6-30 illustrates the stream of 
Emirate electricity consumption. 
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 Figure  6-30 Stream of electricity consumption in Abu Dhabi Emirate 
Source: (SCAD, 2012a) 
Disparities (household electricity consumption for each income group). Abu Dhabi 
has one of the most diverse populations in the Middle East and North Africa 
(MENA) area (DED, 2009). Abu Dhabi is a home to more than 50 per cent of the 
country’s 880,000 citizens (Namatalla, 2009). Based on 2010 statistics, 73 per cent 
of the population are expatriates and 22 per cent are national citizens. There is a big 
disparity among family income, property and energy consumption in Abu Dhabi 
Emirate. In terms of property and residential status, Abu Dhabi’s nationals residing 
in villas consume the highest amount of power, between 93,000 kWh and 97, 00 
kWh. Those living in Shabiyat (houses built by government) consumed between 
69,000 and 80,000 kWh. On the other hand, non-citizens living in villas consumed 
between 32,100 and 97,000 kWh, while those in apartments recorded between 7,200 
and 12,400 kWh in consumption. According to Abu Dhabi Environment Agency 
(EAD, 2010), these statistics were collected during power surveys conducted 
between the years 2005 and 2007. 
 
According to the Department of Economic Development’s survey in 2009, 41.8 per 
cent of national citizen families in Abu Dhabi Emirate live in Sanbiyat (houses built 
by government), about 26.3 per cent live in villas (≥2 storey house), 22.6 per cent in 
apartments, while 67.9 per cent of expatriate families live in apartments (DED, 
2009). 
 
Comparison of electricity consumption by household in Abu Dhabi Emirate with 
another country would not be fair, as households in Abu Dhabi consist of a large 
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number of members. According to the Department of Economic Development 
(2009), the average size of family in Abu Dhabi Emirate is 5.5 persons per family, 
while the average size of local families is seven persons per family (DED, 2009); 
however, all different types of households consume more than the threshold value.  
Figure  6-31 shows the household consumption in different countries and compares 
this to different types of properties in Abu Dhabi Emirate. 
 
Figure  6-31 Comparison of household electricity consumption per year  
Source: abstracted from (EAD, 2010; Wilson, 2012) 
This indicator represents the disparity of household electricity consumption for each 
income group.  
 
It has become apparent in Abu Dhabi Emirate that the local residents’ consumption 
is more than Expats. According to Department of Economic Development (2009), 
local families’ income is higher than Expats. However, both local and Expatriate 
residents have high consumption values.  It might seem that the heavy subsidies 
negative impact on locals and Expats behaviour, more subsidies lead to 
unsustainable behaviour this will be discussed in details later in section: “End-use 
prices” indicator.  Furthermore, residents live in villas consumes more energy than 
those live in flats; It seems that the type of house effect on residents’ consumption 
amount of energy.  In Abu Dhabi Emirate almost all cases Gross Floor Area (GFA) 
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for villa is extremely larger than flat (ADM, 2013), the larger in space the area is, 
indicates a higher level in energy consumption for cooling, heating, lighting, etc.    
 
In the US, statistics indicate that up to 90 per cent of the households consumed 
13,600 kWh per year, compared to consumption by apartments alone in the Abu 
Dhabi Emirate, which ranged between 7,250 and 12,350 kWh annually. In 
Singapore, apartments consumed between 3,000 and 6,900 kWh annually during the 
same period (ADRSB, 2009). 
 
The reason for this is because quite a substantial number of residents in the city 
reside in villas. During summer, villas consume a lot of electricity.  Aljunadi and 
Alqawasmeh (2011), points out that cooling system is the sector that rates the major 
share of electricity consumption in Abu Dhabi household. Generally, the UAE is a 
desert country with very high temperatures throughout the year. Such high 
temperatures rise even further during summer, forcing residents to rely on air 
conditioners (AC) for the regulation of temperature. These machines consume 
relatively more power than other electronic equipment. Figure  6-32 illustrates the 
stream of electricity consumption by house in Abu Dhabi Emirate. 
 
 Figure  6-32 Household electricity consumption by end use 
Source: (Aljunadi and Alqawasmeh, 2011) 
In comparison to Singapore, a total of between 3,000 and 6,900 kWh was consumed 
in the same period. However, the statistics from Singapore only represent 
apartments, with only 53 per cent of them having AC machines fitted (ADRSB, 
2009b), with these figures highlighting the consumption differences, which exist 
among the different countries, in comparison to Abu Dhabi. 
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Share of transport sector. This indicator measures the share of energy consumption 
in the transportation sector per total final energy consumption. As the data of energy 
consumption in transportation in Abu Dhabi Emirate is not available, in this study 
the estimation of the share of energy in transportation has been calculated from 
refined petroleum production sales. In Emirate, as illustrate in Table  6-26, the 
estimate amount shows at about 27 per cent, while the threshold value is 20 to 26 per 
cent. 
Table  6-26    Domestic sales of refined petroleum production in Abu Dhabi Emirate 
Product type 2008 2009 2010 
Unleaded gasoline 447.1 500.1 560.7 
Jet fuel/ kerosene 430.3 468.5 525.3 
Gas oil/ diesel 575.2 557.5 625 
Total  1452.6 1526.1 1711 
*Million imperial gallons 
Source: (SCAD, 2012a) 
Grid efficiency. Percentage of electricity transmission and distribution losses. The 
electricity grid in UAE (as well in Abu Dhabi) is highly efficient, and the estimated 
percentage of losses in electricity transmission and distribution decrease was 5.9 per 
cent in 2010, while according to The World Bank statistics, the OECD average was 
5.92 per cent, with Netherlands at 3.7, USA at 5.9 and Australia at 6.1 in the same 
year, as shown in Figure  6-33. 
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Figure  6-33 Electric power transmission and distribution losses 
Source: (The World Bank, 2013) 
Diversification (fuel mix). Abu Dhabi Emirate is largely dependent on natural gas as 
the fuel for water and electricity production, and this contributed an average of 96 
per cent of the total of annual electrical energy produced in 2011. The electricity 
demand has increased in Abu Dhabi Emirate, due to increases in population and 
changes in lifestyle and this is expected to increase in the coming year. The 
production of electricity is mainly from natural gas imported from other countries, 
which raises concerns about energy security in the city. 
 
However, natural gas is more preferable from an environmental perspective than 
other fossil fuel sources, the decision-makers must seek to diversify its energy 
sources; Figure  6-34 illustrates the consumption trends of different types of fuel in 
water and electricity production from 2005 to 2011. Comparison of Abu Dhabi’s fuel 
consumption in electricity activities to other countries raises a concern. The OECD 
generated 10.15 per cent of power from sources that are inexhaustible (excluding 
hydroelectric) and 51.9 per cent from natural resources (World Bank 2013), as 
illustrated in Figure  6-35. However, Abu Dhabi’s government is placing increasing 
hope in solar and wind programmes and Masdar to claim a landmark initiative. 
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Figure  6-34 Consumption fuel trends for water and electricity generation, 2005–2011 
Source: (SCAD, 2012a) 
 
Figure  6-35 Sources of electricity production (% of total), 2010 
Source: (World Bank statistics 2013, SCAD 2012a)  
Safety. Measuring the number of annual fatalities per energy produced is an 
important factor to assess human safety in the cities. In Abu Dhabi Emirate, 
according to the Statistic Centre (2012), the number of fatalities from electricity 
activities in Abu Dhabi Emirate decreased from six fatality incidents in 2010 to zero 
in 2011, while the incidence of fatality increased in the oil and gas sector to 18 
fatalities in 2011, compared to four in 2010. The main reason for that was increasing 
working hours in oil and gas companies in 2011, of 65.8 per cent compared with 
2010 (SCAD, 2012a). 
 
Renewable Energy. Abu Dhabi scored a poor performance in using renewable 
energy. According to the Abu Dhabi Statistic Centre in 2010, electricity production 
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from solar energy reached about 17,239 MWH; this is an extremely small amount 
compared to city electricity consumption. However, 26 per cent of this amount was 
consumed in Masder city, while 74 per cent was transmitted to the distribution 
network in Abu Dhabi Emirate (SCAD, 2011). 
 
Future expectations on the role of renewable energy are very high, Abu Dhabi is 
supposed to produce 7% of its overall energy from renewable sources (SCAD, 
2012a).  Nevertheless, is this scenario realistic? Is it possible to stop using fossil 
energy in such country like UAE? It should also be noted that Abu Dhabi and UAE 
in general facing a serious challenge in using solar and wind energy.  Abu Dhabi is 
located in a desert environment with high level of dust and less amount of wind. the 
high dust level affect negatively in PV performance with only a possibility of using 
15% of  total capacity1, less opportunity  should be expected of Abu Dhabi‘s 
renewable energy.    Fossil fuels might remain the leading supplier of energy in Abu 
Dhabi for a long term. 
 
Energy intensity. This indicator measure total annual primary energy consumed by 
the city in US$/kg of oil equivalent per unit of GDP. Abu Dhabi scored a poor 
performance in this indicator, this is mainly due to high GDP per capita.;  Abu Dhabi 
is the wealthiest city in the area in terms of GDP per capita income. The GDP per 
capita ranked Abu Dhabi Emirate as ninth highest in the world in 2010. GDP 
reached 219,627 million US$ (1US$= 3.67 AED) in 2011, compared with city 
energy consumption in the same year, which reached to 24,198 thousand toe (the 
energy intensity 110.18 kg of oil equivalent) per $1,000 GDP, as shown in 
Figure  6-36. 
 
Figure  6-36 Energy intensity (use/GDP) 
                                            
1 This information is based on Dr. Basim Al Lami, presentation on“Sustainable at Energy Options for 
the UAE” conference, 26th September 2013, Abu Dhabi UAE. 
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Source: (The World Bank, 2013,  SCADA2011) 
Household electricity intensities. Abu Dhabi scored a poor performance in this 
indicator and was well below the threshold value. Owing to excessive power 
consumption at the domestic front, the Emirate has a great energy requirement; 
power consumption in the Emirate is seven times the global average consumption. 
 
Household electricity consumption is one of the highest in the world. Per capita, Abu 
Dhabi households consume about 7,207Kwh, while the world average for household 
electricity consumption stood at 731Kwh/ capita in 2010 (Wilson, 2012). 
Figure  6-37 illustrates the household electricity consumption per capita for different 
countries and Abu Dhabi Emirate. 
 
Figure  6-37 Household electricity consumption per capita (kWh/year), 2010 
Source: abstracted from (Wilson, 2012; SCAD, 2012a)  
This indicator shows policymakers pressure on energy resources, the proposed 
indicator is intended to assist decision-makers in their adoption, either through more 
efficient use of current resources or through highly targeted new issues.  The 
electricity consumption in Abu Dhabi is extremely high, despite all the justifications, 
the residents are consuming more than their essential need. As mentioned earlier, 
hard efforts should be gathered to work towards changing the household sector 
behaviour in the consumption pattern. Changing individual behaviour is a difficult 
process (Ioan and Carcea, 2013).  The policy and regulatory context is a critical issue 
in the public behaviour change in relevance to energy consumption pattern.  
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Decision makers need to have effective policies and related legislations enforced by 
law.  
 
Transport energy intensities. As transportation is one of the major energy 
consumption in the cities, it is important to assess energy consumption in this sector. 
Measuring transport intensities is a difficult task; this is due to different types of 
transports used in the cities. Energy intensities depend on the type of the 
transportation such as cars, light duty trucks, heavy duty and transit truck and buses; 
it also depends on the road network, if it is a highway or narrow way. It is difficult to 
find available information about energy consumption for each type of these 
transports. As a result, in this research study, the light duty vehicle has been selected. 
The light duty vehicle is the main concern in Abu Dhabi; this is due to its large 
number and large energy consumption. Based on that, the intensity of light duty 
vehicle was chosen to measure the transportation energy intensity. According to 
Millard-Ball and Schipper (2011), the energy intensity of cars for UK and France is 
about 2.3 MJ/Km less than USA, Australia, Netherlands and Germany, while in Abu 
Dhabi city it has been estimated based on 2009 data 2.5 MJ/Km.  However, decision 
makers are sought to encourage residents to adopt eco environment transportation, 
greater reliance should be placed on buses rather than luxurious cars. 
 
Climate change and carbon dioxide CO2 emissions. CO2 emissions and climate 
change from energy use affect the security of Abu Dhabi Emirate. As illustrated in 
Figure  6-38 in 2011, CO2 emissions reached to 26.7 tonnes/capita and 26.2 in 2009, 
these numbers were more than double the average of the OECD and well above the 
threshold maximum value. According to World Bank statistics, in Singapore CO2 
emissions reached 6.4 in 2009, while in Sweden, Netherlands, USA, Australia and 
Luxembourg they reached 4.7, 10.3, 17.3, 18.4 and 20.4 respectively in the same 
year. 
 
Energy use and electricity production is a main source of carbon dioxide emissions 
in Abu Dhabi. CO2 related to power production and consumption indicates that there 
has been an annual increase of six million tonnes every year since 1990 (EAD, 
2010). By 2004, the emissions reached a maximum level of 17.9 million tonnes, 
decreasing a bit in the subsequent year, registering 17.6 million tonnes. Based on the 
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population figures released in 2005, this amounts to 11.9 tonnes of carbon dioxide 
gas per capita released, due to the public power generation (EAD, 2010). 
 
Figure  6-38 CO2 emissions per capita 
Source: (The World Bank, 2013; SCAD, 2011) 
However, there has been a marked decrease as far as the per capita CO2 emissions 
are concerned; from 2006 until 2010 the per capita emissions of CO2 reached 25.5 
tonnes in 2010. The total CO2 emissions during the same year from only the 
production of water and electricity recorded a total of 27.1 million tonnes (SCAD, 
2012a). The Co2 emission per capita in The World Bank statistics included that 
created from the burning of fossil fuel and the manufacture of cement, but Abu 
Dhabi Emirate’s CO2 emission per capita was calculated from fuel burning for 
electricity production and the oil and gas sector only. 
 
Air Pollution. Air pollution from both electricity production and the oil and gas 
sector in Abu Dhabi fluctuated, as illustrated in Figure  6-39. The total emissions 
increased slightly in 2011 and reached 28,900 tonnes. 
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Figure  6-39 Air polluted from energy activities 
Source: abstracted from (SCAD, 2012a) 
As illustrated Figure  6-40and Figure  6-41, according to Statistics Centre in Abu 
Dhabi (2012), the emission of sulphur dioxide (SOx) reached 210,000 tonnes and 
nitrogen oxides (NOx) reached 79,600 tonnes, which is significantly high in 
comparison to the threshold value. 
 
Figure  6-40 Sulphur dioxide (SOx) emissions for major cities and Abu Dhabi Emirates 
Source: Sokhi (2008) , SCAD (2012) 
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Figure  6-41  Nitrogen oxide (NOx) emissions for major cities and Abu Dhabi Emirates 
Source: Sokhi (2008) , SCAD (2012) 
Water pollution. This indicator measures the contaminant discharges in liquid 
effluents from energy systems, including oil discharges. Abu Dhabi had four power 
stations, all of them located on the coastal area, the sea water is used for cooling 
purposes and allows more efficient and less expensive power generation (EAD, 
2010). Although the Emirate faces a major scarcity of freshwater, large amounts are 
required, mainly in electricity production and cooling systems, which rely on gas-
fired power plants; water is drawn from the Gulf Sea but is desalinated before being 
used in the process (EAD, 2011). 
 
One of the main sources of sea water pollution is oil. Abu Dhabi’s coast is also the 
location of oil and gas extraction activities and the associated supporting 
infrastructure, such as refineries, pipelines and shipping terminals (EAD, 2010). 
 
Solid waste. Solid wastes generated from the oil and gas sector are huge and most 
hazardous (Elshorbagy and Alkamali, 2005). According to the EPA (2010), the use 
of natural gas does not produce large amounts of solid waste; on other hand, oil 
refining production has high levels of metals and toxic compounds (EPA, 2012a). 
 
According to the Abu Dhabi Environment Agency, hazardous wastes are produced 
when oil-based mud is used to raise borehole stability during drilling; oil-based mud 
drill cuttings are composed of about 30 per cent diesel, and the safe disposal of the 
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black, oily sludge is a concern (EAD, 2011). All energy waste is currently controlled 
by ADNOC. Despite the limitation of available data about solid waste generation 
from the oil sector in Abu Dhabi Emirate, significant amounts of hazardous waste 
from oil operations are in storage at Ruwais landfill (EAD, 2011). 
 
In this research, Abu Dhabi’s energy solid waste has been estimated based on the 
literature review. Elshorbagy and Alkamali (2005) studied the solid waste generation 
from the oil and gas sector in specific oil fields in Abu Dhabi. The outcome from this 
study shows that the annual solid waste generaed was 40611 tonnes, which is 
equivalent to 650 kg/ capita, 0.371 kg/ barrel oil and 1.58 kg/m3 of extracted gas. 
This is smaller than the international agreement amount with range of 3–5 kg per 
tonne of crude (Elshorbagy and Alkamali, 2005). The estimate of waste generated 
from energy activities is around 2.65 kg per tonne. This is mainly due to good 
quality of oil in the area. 
 
End-use energy prices. This includes the electricity tariff and fuel prices. Despite the 
fact that the domestic consumption of power in Abu Dhabi is the highest globally, 
the government has kept the usage charges low; the power tariff rate in Abu Dhabi is 
among the lowest in the world. As a result, power usage is unjustified and there is a 
lot of wastage. 
 
The electricity sector in Abu Dhabi runs a single-buyer model where all generators 
retail their production to ADWEC. In turn, the company sells the power obtained 
from the various generators to the companies charged with the distribution function. 
Transmission to the distributing networks from the production plants is undertaken 
by TRANSCO (ADRSB, 2009a). AADC and ADDC are the two significant 
companies engaged in supplying power. Table  6-27 illustrates the price of electricity 
for each sector and its consumption percentage of total value, while Table  6-28 
shows the comparison of electricity prices in Abu Dhabi and other countries. 
 
Residents in Abu Dhabi Emirate benefit from electricity subsidies, local residents 
pay only 20% and expat residents pay 60% of the actual bills (Mezher et al., 2012).  
It became apparent that the heavy subsidies influence negatively on residents’ 
behaviour, in the face of extremely high consumption, decision makers should strive 
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to enforce the sustainable behaviour.  There's an urgent need to remove the heavy 
energy subsidies.  
Table  6-27 Electricity tariff and percentage of total consumption 
Customer group Tariff (US$. 
kWh)  
% Electricity use 
National citizens (remote areas) 0.0082 30.7 
National citizens (other areas) 0.0136  
Expat residential 0.0409  
Commercial 0.0409  28.8 
Industrial 0.0409  8 
Agriculture 0.0082  7 
Institutional NA 25.1 
Cost of production 0.0646  
Source: (Regulation and Supervision Bureau 2009;  Mezher et al, 2012, SCAD,2012) 
Table  6-28 Comparison of electricity tariffs between Abu Dhabi and some countries 
  USA UK Germany AD 
Residential electricity tariffs ($) 0.0826 0.1207 0.1589 0.0082 
Industrial electricity tariffs ($) 0.0402 0.0649 0.0673 0.0409 
Source: (Mezher et al., 2012) 
The fuel prices in Abu Dhabi are among the lowest in the world; USD 0.47 per litre 
(in 2012). In comparison, according to the World Bank statistics (2013), the world 
average is 1.4 and the OECD average was 1.91 $ per litre in the same year. Likewise, 
diesel prices in Abu Dhabi were 0.64US$ per litre in 2012, which is higher than the 
gasoline price. The global average is 1.3 and that of OECD is 1.8, as illustrated in 
Figure  6-42. 
 
Figure  6-42 Fuel price comparison 
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Source: World Bank database 
Household energy expenditure load (energy expenditure/average household income). 
This indicator studies the expenditure load in electricity; this is because of non-
available data about household energy consumption in transportation. All residents 
in Abu Dhabi benefit from high government electricity subsidies, with the average 
annual household income varing according to nationality. It reached AED 565.8 
thousand for national citizen families, AED 478.6 thousand for European and 
American families, AED 181.7 thousand for tArab families, and AED 130.5 
thousand for Asian families (DED, 2009). 
 
Annual bills indicate distinct overlaps; resident expatriates in Abu Dhabi living in 
apartments pay an average annual bill of between 1,100 AED and 1,850. Those 
living in villas, on the other hand, pay between 4,800 AED and 14,650 AED. UAE 
nationals living in villas pay an annual figure ranging from between 4,650 AED and 
4,850 AED, while others living in Shabiyat pay an annual bill of between 3,450 
AED and 4,000 AED (ADRSB, 2009). 
 
Of national citizen families, 41.8 per cent live in Shabiyat and 67.9 per cent of 
expatriate families live in apartments. The average annual national citizen income 
per household is US$ 152,9182 compared to the expatriate average annual income 
per household of US$ 48,648. Expenditure electricity load for national citizen 
families who live in Shabiyat is about 0.39 per cent, and expatriate families who live 
in apartments about 0.79 per cent, as illustrated in Table  6-29. 
Table  6-29  Household electricity expenditure and income in Abu Dhabi Emirate 
Residential 
status 
Average income 
US $/ year 
Property  Average 
kWh/year 
Average bill 
US$/year 
 
Expats  
48,648 Apartments 9,800 388.55 
Villas  20,900 854.81 
 
National 
citizen 
152,918 Villas 95,000 779 
Apartments 12,000 98.4 
Shabiyat 74,500 610.9 
 
                                            
2 Converted based on 1US$=3.7AED 
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Clean and efficient energy policies. Measuring government policy and legislation on 
clean and efficient energy is an important indicator. Clean and efficient energy 
policies have been measured and scored, as illustrated in Table  6-30. This method 
has also been used by (Ioris et al., 2008) and (Al Sabbagh et al., 2012), using the 
following formula to calculate the final score: 
 
The total items with a positive answer are two out of four; the final score is 40 out of 
100. Policy makers have been long aware of energy used inefficiently, and they are 
struggling to increase the capacity of energy generation. 
 
Policy makers must put more effort into reviewing the Emirate’s energy demand and 
consumer behaviour; further examination of current consumption practices can help 
determine the root of the problem, and missing clear efficient energy policies might 
be the main driver of high energy consumption; moreover, there are high electricity 
subsidies and cheap fuel prices. 
 
Abu Dhabi’s government is adopting sustainable clean energy policies and 
understands the importance of these for the Emirate’s future. The ambitious plan to 
generate seven per cent of its total energy from renewable sources and 26 per cent 
from nuclear energy by 2020, has become more real with the opening of the first and 
largest solar plant in the Middle East in Abu Dhabi in 2013.  
 
Improving energy efficiency withholds critical challenges facing decision makers in 
Abu Dhabi; an improved efficiency will raise the security and sustainability of local 
resources. However, the current situation makes it difficult for sustainable 
development;. According to Nassar (2012), unsustainable development is only 
realised through proper resource management, in the case of Abu Dhabi, energy 
saving measures can be applied to bring about sustainable development. 
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Table  6-30    Energy policies in Abu Dhabi Emirate 
NO  Clean and efficient energy policies  Yes/No Justification 
X1 There are existing policies for clean energy use 
& have been implemented 
Yes Masdar <1% 
renewable. Solar & 
nuclear energy 
programmes are 
started 
X2 There are existing policies for energy efficient 
use & have been implemented  
No  
X3 There are existing policies in promoting energy 
policies and awareness in education institutions  
No  
X4 There are existing strategies to monitor 
consumption and take the necessary correction 
action  
Yes ADWEC has strategies 
to study and monitor 
consumption  
 
Public participation. This indicator assesses public and private stakeholders’ 
participation and engagement in efficient energy use and management in the 
Emirate; in Abu Dhabi there is no clear policy to involve the public in energy policy. 
To measure public participation, key criteria has been proposed, as illustrated in  
.The total items with positive answers are one out of five; the final score is 20 out of 
100. 
Table  6-31 Public participation in Abu Dhabi Emirate 
NO  Public participation Yes/No Justification 
X1 Legislations includes/promotes public 
participation in the decision making related to 
energy management issues 
No   
X2 Practical mechanisms of energy management 
include stakeholder participation 
No   
X3 The majority/totality of stakeholder sectors are 
properly represented in the energy management 
process 
No   
X4 There are regular campaigns/activities that aim 
to involve the population in energy 
management  
Yes There are few 
campaigns aim public 
(Turn-it-off 2010, 
Earth Hour, Heroes of 
the 
UAE)  
X5 Customer satisfaction in the energy 
management services being measured  
No   
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Awareness campaigns are a key factor in public awareness to know the risks and/or 
benefits of particular behaviours (Ghazalaswad, 2012).  There are no comprehensive 
campaigns to target public energy use efficiency in Abu Dhabi Emirate. One of good 
campaign was ‘Heroes of the UAE’, which aimed at Abu Dhabi residents reducing 
their carbon footprint by offering minor changes in everyday practices that reduced 
electricity and water consumption (EAD, 2011). This kind of campaign needs to be 
constant, and to target all different groups of the community.  Van Leeuwen et 
al.(2012) noted that public participation and behaviour change are key elements 
needed to achieve sustainable environment and sustainability.  The public behaviour 
is the main concern and needs more attention by decision makers and the 
government.  An effort had been made from the Abu Dhabi government to increase 
public awareness and promote sustainability but still there is a need for further 
focused effort. 
6.4.7 Conclusion 
 
This section has proposed energy indicators to assess Abu Dhabi Emirate’s 
sustainability. It has discussed the current state of energy practices, and compared 
the city’s performance to world cities. For achieving progress towards sustainable 
energy development, stopping current practices, which are destroying the city’s 
natural resources, must be secured as the first step. Achieving sustainability has 
become a vision for the Abu Dhabi government; nevertheless, without strong 
strategies this can be extremely difficult. It is vital that Abu Dhabi Emirate learns 
from other cities and benefits from global best practice in waste management 
systems. This can help the city to compare and control its natural resources towards 
sustainability and to keep the environment protected for future generations. 
 
The focus of this study was on developing unique sustainability indicators for Abu 
Dhabi’s built environment. The lack of quality and accurate data has proved a major 
limitation to the process of developing Abu Dhabi sustainability indicators. These 
indicators are based on world best practice and relate to the Emirate’s unique 
environment. The lack of reliable and proper statistics makes it difficult to determine 
proper city performance and then develop suitable indicators. However, the figures 
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provided through developed indicators can be a powerful tool to assess the current 
performance, and the trend of that performance. There is no final and definitive set 
of indicators; indicators must be updated over time to fit the area’s conditions, 
priorities and capabilities (IAEA et al., 2005). One of the most challenging aims is to 
test the reliability of the developed indicators; to be successful in their role, 
indicators must be approved by the decision makers and experts in this field, and this 
will be ensured by the next steps. 
6.5 Summary and Link 
 
This chapter explained the development of Abu Dhabi’s sustainability regarding 
water, solid waste and energy indices; the chapter also evaluated Abu Dhabi 
Emirate’s sustainability performance, based on built framework and indicators. The 
next chapter will evaluate Abu Dhabi’s sustainability performance using GIS, MCE 
and spatial sustainability indicators; it will present the benefits of GIS and the role it 
plays in managing urban information. 
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CHAPTER 7: DEVELOPMENT AND 
ASSESSMENT OF SPATIAL 
INDICATORS 
 
7.1 Introduction 
 
In the previous chapter, Abu Dhabi sustainability indicators were developed for 
water, energy and solid waste sectors. This chapter aims to analyse the sustainability 
performance of Abu Dhabi’s built environment, using different interlinked strategies 
and tools as the GIS, MCE and sustainability indicators. 
 
This chapter will demonstrate that GIS can be used as a tool in decision making 
systems for the management of information about the built environment, and 
assessing its sustainability. 
 
The first section of this chapter discusses the method of the GIS model development 
for the spatial analysis of data and indicators, and interpretation of results. It also 
presents a methodology for spatial analysis of information, and analysis of 
environmental indicators using GIS tools. The methodology assists the decision 
making for current and planned developments, in terms of potential adverse 
environmental impacts. Further, this chapter examines the relevance of socio-
economic indicators and consumption patterns. 
 
The second section provides the evaluation of Abu Dhabi’s built-environment 
sustainability performance using GIS, MCE and sustainability indicators. This 
section also demonstrates the benefits of GIS in the support of decision making and 
the role it plays in the management of built-environment information. The section 
explores the relationship between sustainability performance and socio-economic 
impacts. The chapter concludes with a discussion and conclusion. 
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7.2 Background 
 
Spatial analysis is an effective tool for decision making in managing built-
environment development. Research by (Banai, 2005) shows that the use of 
geospatial data provides a wide range of solutions to the problems encountered by 
governments in different areas of land and environment mapping. Some of the 
critical areas where geospatial data are applied include the mapping of cities to 
produce sustainable designs of urban environment. 
 
Governments find the analysis of spatial factors important because it helps ensure the 
adequate provision of land resources for urban development. The information 
enables effective use of decision making tools and influences policy making using 
geospatial data (Jankowski et al., 2014). Spatial decision making includes economic, 
social and environmental aspects and is a complex procedure that might give 
inconsistent results (Gocmen and Ventura, 2010). 
 
The DSS helps governments in development a sustainable urban pattern. It is 
imperative to note that sustainable development and planning are crucial in urban 
areas. These processes are very complex and vulnerable, and thus GIS is used as a 
major tool to support the process, as well as to support decision making. Offering 
useful, reliable and systematic spatial data to decision makers must be the key aim of 
computer-based DSSs (Jakimavičius and Burinskienė, 2009). The use of GIS 
technology has aided in analysing and managing the results of city developments, as 
it minimises costs and provides easy interfaces for data processing, manipulation and 
analysis. 
 
Application of GIS in environmental management varies depending on the interest of 
the potential users, the specific environmental issues considered and areas of 
application. In this case, Carsjens and Ligtenberg (2007) argue that GIS has a set of 
diverse roles to play and therefore can be used to monitor, record and predict 
sustainability. For example, it is apparent that GIS can be applied in various 
processes to foster easy coordination of activities and also reduce duplication of 
efforts (Sudhira et al., 2004). 
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Notably, environmental sustainability and urban planning are areas that are 
influenced by public behaviour. To improve this behaviour, there is a need to convert 
available information into knowledge that can be communicated to the public, to 
bring about change. GIS can be employed to gather, analyse, interpret and convert 
data into knowledge. Through information and communication technology and the 
media, this knowledge can be disseminated to the public to promote sustainable 
development. 
 
The level of accuracy in a GIS analysis depends on the source of data, the accuracy 
of the data and the models used for data analysis. The type of data determines the 
accuracy of digital data and the thematic map generated by the GIS application. The 
application is defined by the use of different types of modules, which provide 
different capabilities to process the data, to solve spatial problems accurately. Spatial 
data acquisition can be very expensive, and it is an important step in a GIS 
development process (Caprioli and Tarantino, 2003). The quality of data, both 
locational and attributional, can affect spatial analysis. As various studies show, in 
many cases, using poor quality data leads to faulty decision making (Nyerges and 
Jankowski, 2010). 
 
A functional GIS should provide the technical capability to make accurate decisions 
using different types of models used for decision making, based on spatial analysis 
techniques. The application has to provide the capabilities to enable spatial 
autocorrelation of data using location as the key index variable. A GIS should also 
have the capability to spatially locate and relate data to different objects and provide 
detailed locations for the objects. 
 
7.3 Sustainability of the Abu Dhabi Built Environment 
 
Abu Dhabi’s oil exportation and resulting revenues have raised the city’s income and 
allowed massive urban development within the Emirate, turning it from a desert into 
a fast developing metropolis. Abu Dhabi has high levels of GDP per capita, as well a 
high level of water and energy consumption and generation of solid waste. Abu 
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Dhabi is growing rapidly and is an increasingly urbanised city; urban development 
affects the environmental landscape and the issue of sustainable development has 
become a matter of great concern. 
 
In this chapter, Abu Dhabi Island is used as a case study area. In 2010, its population 
was 526,624, and the island occupied an area of 92 km (ADM, 2013). Figure  7-1 
demonstrates the actual view of the Abu Dhabi Island. The development and 
expansion of built environment since 1950 is demonstrated in Figure  7-2 Fast 
development on the island has led to large scale marine dredging and land 
reclamation that has significantly changed the seashore ecology of the island. One of 
the challenging issues for Abu Dhabi city is how to plan and improve the built 
environment in a sustainable way, including how to ensure that future generations 
can have access to economic, social and ecological resources. 
 
Figure  7-1: Case study area (I) 
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Figure  7-2  Abu Dhabi Island 1950, 1994, 2010 
(Abullrahman Makhlouf, 2011, ADM, 2013) 
Evaluating built-environment sustainability and its future trends is an essential issue 
for governments and organisations. GIS, which is considered a major data 
integration instrument for urban analysis, is used heavily as a visual display tool, but 
it is still not fully linked to decision making in fast developing city such as Abu 
Dhabi. Sustainability indicators, in combination with the capabilities provided by the 
GIS software such as ArcGIS (or similar tool), can be used to support decision 
making and carry out assessment of the impact of development strategies and move 
the city towards sustainability. Through its spatial analysis methods and modules, 
GIS can integrate different urban sustainability indicators to support detailed analysis 
of development of the city environment. In addition, developed spatial sustainability 
indicators offer valuable information on the environment, and to some extent enable 
better decision making and better evaluation of development policies. 
7.4 Spatial Analysis Methodology 
 
The evaluation of cities’ spatial patterns by GIS and MCE methods has become 
increasingly popular (Banai, 2005). In this section, a coherent GIS-based DSS for the 
analysis of sustainability of the Abu Dhabi built environment is presented. The 
analysis of requirements is performed to define the main components and 
interactions that are necessary to understand and address the city’s sustainability 
performance. This section presents the process for the evaluation of Abu Dhabi 
city’s sustainability in terms of energy, water and solid waste. Rankings for 
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sustainability performances are determined using spatial indicators and MCE 
analysis, based on established scale and weight. 
 
The first step in the evaluation process is to define the spatial sustainability 
indicators from the earlier built sustainability index for the Abu Dhabi Emirate, as 
discussed in the previous chapter. The list of pre-selected indicators was filtered 
based on viability and data availability for the specific context of the case study. A 
geo database was built including: i) base map data (that contains data on buildings, 
villas, green areas, as well as census data); ii) planning data (land plots, sectors and 
zones); and iii) spatial sustainability indicators (energy, water and solid waste). 
Based on the analysis of the data above, the thematic maps were generated to 
identify hotspot areas and rankings for the sustainability performance of each sector. 
The GIS has also been used to analyse the impact of socio-economic behaviour. 
 
To study the correlation between sustainability of the built environmental and socio-
economic aspects, the data sets as follows are used: 
a) Population nationality 
b) Building gross floor area (GFA) 
c) Villa GFA 
d) Vegetation. 
Figure  7-3 illustrates the method used in this case study. 
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Figure  7-3: Spatial analysis methodology diagram 
7.5 Identifying Spatial Sustainability Indicators 
 
After developing Abu Dhabi’s sustainability indices, as discussed in previous 
chapters, spatial indicators were identified. The list of spatial indicators was filtered, 
based on the availability of disaggregated data for the specific context and unique 
Abu Dhabi environment. The acquisition of the data on key spatial indicators 
required a lot of effort and time. The key spatial indicators collected are as follows: 
a) Water consumption 
b) Electricity consumption 
c) Solid waste generation. 
The levels of information provided by these indicators were satisfactory for 
developing the GIS analysis; however, the final total number of spatial indicators is 
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only six, as listed below. The parameters will be verified only when more aggregate 
data is available, which will increase the reliability of the results. 
 
Spatial indicators used in this study are the following: 
x (I1)—Population with access to electricity (%): in high income cities, the 
percentage of the population with access to electricity is 100 per cent. 
x (I2)—Electricity consumption (kWh per capita per year): this pressure 
indicator is used to measure the total amount of end use of electricity 
consumption per capita. The world average of electricity consumption per 
capita is 2500 kWh, while the OECD countries’ average was 10,227 kWh per 
capita in 2010. 
x (I3)—Per capita daily water consumption (litres): the indicators show the 
pressure in water consumption, both within sectors and across users. 
x (I4)—Percentage of dwellings connected to the sewage system: this indicator 
evaluates the sewage network coverage. The Europe Green Cities Index 
scored this indicator against an upper benchmark of 100 per cent and a lower 
benchmark of 80 per cent (Shields and Langer, 2009). 
x (I5)—Generation of municipal solid waste: the indicator measures the daily 
municipal waste generated. According to the World Bank report in 2012, the 
average municipal solid waste generation rates by high income countries are 
between 1.1 and 4.5 (kg/cap/day) (Hoornweg and Bhada-Tata, 20012).  
x (I6)—CO2 emissions from passengers’ vehicles (vehicle numbers/peak hour): 
CO2 emissions from energy activities are regularly used as important state 
indicator and reflect global climate change. 
7.6 Identifying the Weight 
 
An indicator’s weight reflects the importance of the indicator. It is impractical to 
give equal importance to all indicators, as this ignores relative importance among 
different indicators. In this case study, indicators’ relative weights have been 
estimated using a short questionnaire completed by experts. Based on the experts’ 
evaluation of the importance of the indicators in the questionnaire, the weight of 
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each indicator was assigned a MCE using a pair-wise comparison matrix, as shown 
in Table  7-1. 
Table  7-1 Pair-wise matrix 
1 a12 a13 …. …. a1n 
1\a12 1 … … … a2n 
… 1 
A= … 1 
… 1 
1\a1n 1\a2n … … … 1 
 
The pair-wise matrix is based on a 1–6 scale as shown in Table  7-2, with the 
following interpretation. 
Table  7-2 Scale interpretation 
Scale Interpretation 
1 Equal importance 
2 Weakly more important 
3 Moderately more important  
4 More important  
5 Strongly more important 
6 Extremely more important 
 
The weight has been normalised, so indicators can be compared. The total sum for 
the indicators’ reflected decision equals 1. The most important indicator has the 
largest weight. The final weights shown in Table  7-3 are derived from the following 
steps: 
x Compare pairs of indicators across rows 
x Calculate the sum of each column 
x Normalise the elements in each column by dividing the column sum 
x Add the normalised elements of each raw number 
x Divide the row total by the number of indicators compared. 
This method has been used in other studies (Mendoza et al., 1999, Issa and Shehhi, 
2012). 
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Table  7-3  Indicators’ relative weights estimated using a pair-wise matrix 
I1 I2 I3 I4 I5 I6 Total Weight 
I1 0.1389 0.1389 0.1362 0.1389 0.1362 0.1786 0.87 0.145 
I2 0.1389 0.1389 0.1362 0.1389 0.1362 0.1786 0.87 0.145 
I3 0.2778 0.2778 0.2725 0.2778 0.2725 0.2143 1.59 0.265 
I4 0.1389 0.1389 0.1362 0.1389 0.1362 0.1786 0.87 0.145 
I5 0.2778 0.2778 0.2725 0.2778 0.2725 0.2143 1.59 0.265 
I6 0.0278 0.0278 0.0463 0.0278 0.0463 0.0357 0.21 0.035 
 
7.7 Identifying the Scale 
 
Different scales were developed to measure sustainability levels in compliance with 
each indicator. Initially the scales were defined by benchmarking each indicator in 
relation to the performance of the indicator in different countries and cities. The 
proposed scales have been examined and modified by key experts in the Abu Dhabi 
Emirate (for the selection of experts see in the methodology chapter above). Face-to-
face interviews with these experts have been used to assess the proposed indicator 
thresholds. The final agreed scale was used to evaluate Abu Dhabi Emirate’s 
sustainability performance. 
 
The ranking of each performance indicator was established, where a score of 1 
indicates ‘low pressure’ and a score of 10 indicates a total ‘high pressure’.  Table  7-4 
illustrates the list of spatial indicators used in this case study. 
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Table  7-4  Indicators’ scales and weights used in ranking sustainability performance 
No.  Sustainability Indicators  
Scale 
Scale Ranking  Weight 
Max Min 
  
Population with access to 
electricity (%)  
    100 1   
I1 100 80 99–80 5 0.145 
      80< 10   
  
Electricity consumption per 
capita (kWh per capita) per 
year 
    2500< 1   
      2501–3000 2   
      3001–4000 3   
      4001–5000 4 0.145 
I2     5001–6000 5   
  10,000 2,500 6001–7000 6   
      7001–8000 7   
      8001–9000 8   
      9001–10000 9   
      10,000< 10   
  
Per capita daily water 
consumption (litres) 
    100< 1   
      101–150 2   
      151–200 3   
      201–250 4   
I3 500 100 251–300 5   
      301–350 6 0.265 
      351–400 7   
      401–450 8   
      451–500 9   
      500> 10   
  Percentage of dwellings 
connected to the sewage 
system 
    100 1   
I4 100 80 99─80 5 0.145 
      80< 10   
  Generation of municipal 
solid waste: total municipal 
waste generated 
kg/capita/day  
    1< 1   
I5 2.5 1 1–2.5 5 0.265 
      2.5> 10   
  Climate change: CO2 
emissions from passengers’ 
vehicles (vehicle 
numbers/peak hour) 
    1500< 1   
I6 5000 1500 1501–5000 5 0.035 
      5000< 10   
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7.8 Spatial Data Acquisition 
 
The spatial data used in this case study mainly consists of two sets: 
a) The data on spatial indicators 
b) The base map data. 
The spatial indicators data have been collected from different departments in the Abu 
Dhabi Emirate, such as: 
a) Municipality of Abu Dhabi City (ADM) 
b) Abu Dhabi Water and Electricity Authority 
c) Transportation Department 
d) Sewage Department  
e) Centre of Waste Management. 
Initial assessment of all the data sets was undertaken, including the following: 
a) Water consumption in cubic metres for August 2012 
b) Electricity consumption in kWh for 2012 
c) Electricity cable network for 2013 
d) Municipal waste generation, average per day in kg (the data was provided for 
the eastern and western part of the case study) 
e) Sewage connection lines for 2013 
f) Vehicle numbers/peak hour for 2009. 
Electricity consumption data provided by the Water and Electricity Authority 
revealed major problems with the data, including duplication and missing attributes. 
Even though the second set of data provided consisted of some missing attributes, 
the level of information in the tables was satisfactory for developing the GIS 
analysis. 
 
The base map of Abu Dhabi Island that has been used in this case study consists of 
complex information about all city objects mapped/surveyed, with the positional 
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accuracy enabling output on a scale of 1:1250. The layers/features from the base map 
used in this study are the following: 
a) Buildings that are classified according to their usage (commercial, 
educational, services, etc.) and usage type (villa, hotel, etc.) including given 
names and floor number. 
b) Roads are presented as individual features and classified as highways or 
narrow ways. 
c) Census data is included that represents the information collected about Abu 
Dhabi’s population in 2005 and 2010 census. The data classifies the 
population by nationality, age, sex and education level. This information has 
been used in this research to as social and economic indicators. 
The sector layers from planning data set have been used for the identification of the 
spatial distribution of the indicators. The area of the case study island is divided into 
155 sectors, as shown in Figure  7-4. 
 
Figure  7-4 Case study sectors 
Source: (ADM, 2013) 
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7.9 Data Editing and Quality Assurance 
 
The following tasks have been performed to address problems in the data and to 
make them usable: 
x Data converting: AutoCAD data on the number of vehicles (mainly on road 
intersections) was converted and transferred to a shape file. The position 
accuracy was secured by adjusting the positional shifts in data to the base 
map data. The traffic hot spot records (mainly bridges and city entrances) that 
were in an Excel format (sheets), were converted and also exported to a shape 
file. 
x Calculating the per capita data: the consumption values for water and 
electricity were divided by the population in each sector (derived from the 
census data) to find water and electricity consumption per capita. 
Additionally, waste generation in eastern and western zones in Abu Dhabi 
were divided by population to estimate waste generation per capita. 
x Calculating the geometry: building GFAs were calculated in each sector. By 
multiplying a building’s area by number of floors, the percentage of GFA in 
each sector was also calculated to include the portion between sector area and 
building area. The same steps were used to calculate the villa GFA and the 
green area. 
x Spatial interpolation: this technique estimates the values of properties in non-
sampled areas within an area covered by an existing sample. Using this 
method in ArcGIS, the values for the areas of where the samples were non-
available were interpolated using available samples. This technique has been 
used to estimate vehicle numbers in non-sampled areas. 
x Missing data: missing consumption values for water and electricity were 
estimated, based on the available data for other sector and considering the 
type and area of the sector, as well as the population pattern. 
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7.10 Geo-processing and Using the Geographic 
Information System Model 
 
The GIS helps to better realise and provide spatial knowledge for a host of complex 
urban problems (Ozturk and Batuk, 2011). The main objective of developing the GIS 
model is to build a high efficiency decision tool to evaluate city performance using 
spatial data. To evaluate the case study sustainability performance, both spatial and 
descriptive data were imported into GIS and linked.  A Decision Support System was 
developed in the form a geo-processing model. The geo-processing model was built 
using ArcGIS version 10.0. The geo-processing model includes four steps: 
x Step 1—the indicators’ ranking 
x Step 2—adding weights to the indicators’ layers 
x Step 3—calculating the scores based on layer ranking and weight 
x Step 4—the final step includes integrating spatial layers, bringing all 
different thematic map layers of the same area and overlaying them all to 
form a new layer. 
The output surfaces of the model were the overlays of the total layers, as shown in 
Figure  7-5. 
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Figure  7-5 Geo-processing model for evaluating city sustainability performance 
7.11 Interpretation of the Results 
 
7.11.1 Ranking Sustainability Performance 
 
The role of the GIS in ranking the sustainability of Abu Dhabi’s built environment is 
illustrated by conducting some operations using indicator values. This method of 
using a GIS in ranking sustainability has been used in other studies (Banai, 2005, 
Martínez, 2009, Graymore et al., 2009, Alsalmi and Abdulmuttalib, 2012, Ruiz et al., 
2012). Examining a small number of spatial indicators provides good examples that 
can be expanded to include other indicators once the disaggregated data is available, 
which will demonstrate and confirm the reliability of the GIS analysis. 
 
To rank sustainability and compare the actual indicator’s values with threshold 
values, the per capita values have been used in this section. A series of models were 
generated to evaluate the sustainability of the area and respective thematic maps 
were produced (Eleni and Katerina 2015). Obtained values were classified and 
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ranked for the purpose of showing the frequency of classes, using spatially 
distributed colours. 
Figure  7-6 shows the electricity consumption per capita: most of the areas show high 
consumption values, represented by dark red and followed by lighter red. 
 
Figure  7-7 shows per capita water consumption. Again, most of the areas show high 
water consumption values, represented by dark red and followed by lighter red. 
 
Figure  7-8 illustrates the percentage of population with access to electricity. The case 
study is located in a highly developed area; electricity accessibility is 100 per cent, 
with excellent electricity networking and almost no power outage in the area, 
represented by green. 
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Figure  7-6 Per capita electricity consumption 
kWh/year 
Figure  7-7  Per capita daily water 
consumption (litres) 
  
Figure  7-8 Percentage of population with 
access to electricity 
Figure  7-9 Percentage of dwellings connected 
to the sewage system 
  
Figure  7-10 Passengers’ vehicles (vehicle 
numbers/peak hour) 
Figure  7-11 Per capita daily municipal waste 
generated (kg) 
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Figure  7-12 Final assessment of sustainability performance 
There are similar findings for the percentage of dwellings connected to the sewage 
system.  In the case study, sewage system accessibility is 100 per cent, represented 
by green, as shown in Figure  7-9. 
 
Figure  4-10 shows the analysis of peak hour travel in Abu Dhabi; most of the areas 
show high pressure, represented by dark red, while the map also shows a very quiet 
area (green area) in the middle of city centre. Examining this area revealed that it 
used to be a military zone and has recently been re-zoned as public (Alaa 2015).  A 
lot of plots are empty or under construction, and the construction plots are 
unoccupied at present; this seems to be the main reason for the low vehicle density in 
these areas. 
 
The analysis of daily municipal waste generated per capita (kg) is illustrated in 
Figure  7-11.  The western part of the case study shows high generation of waste, 
while the eastern part shows medium generation of waste. Unfortunately no 
disaggregated by sector data is available in the waste management department, only 
data for two Abu Dhabi Island zones data were provided. 
 
Figure  7-12 demonstrates the results from overlaying the six indicator layers—the 
overall sustainability assessment for the case study.  The figure highlights the very 
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high pressure areas (less sustainable, represented in red colour) and the low pressure 
areas (more sustainable, represented in green colour), which could support the 
decision makers in understanding of the situation, planning and managing the 
priorities related to city development to ensure its sustainability. 
 
Thus, we can see how the GIS tool can be used to offer a better understanding of a 
city’s sustainability performance. Using spatial indicators in management could help 
in creating a clear strategy to be used by decision makers for the preservation of the 
city’s natural resources. 
7.11.2 Hotspot Analysis 
 
Hotspot analysis is used to establish the specific points where a phenomenon is most 
common in a given area. With respect to the current study, a hotspot analysis helps 
in identifying the areas that contribute to sustainable development. A proper hotspot 
analysis was realised courtesy of the Getis-Ord Gi* statistics (Jankowski, Fraley and 
Pebesma 2014).  In this section, the Getis–Ord Gi statistic is used for hotspot 
analysis to find spatial clusters of statistically significant high or low values. 
 
The hotspot analysis was used to identify high and low consumption of water and 
electricity in Abu Dhabi city, as shown in Figure  7-13 and Figure  7-14.  The hot spot 
of high water consumption is in the middle right of the city centre (represented in 
red), coming mainly from the densely populated section. Dividing the water 
consumption values by population shows that the water consumption per capita 
value is almost within the accepted level, as illustrated previously in Figure  7-7.  
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Figure  7-13  Hot spot analysis for electricity 
consumption kWh/year 
Figure  7-14 Hot spot analysis for water 
consumption litre/day 
7.11.3 Correlation 
 
Using spatial indicators might help in understanding the interrelationship between 
sustainability performance and socio-economic impacts. These can form a baseline 
to assist decision makers to develop an integrated management system able to meet 
targets in an area. In this section, the correlations between consumption, building 
GFA, nationality and education level are examined. 
 
Table  7-5 illustrates the correlation coefficient between electricity consumption 
(kWh) and villa GFA, building GFA and residents’ nationality. The correlation 
coefficient between electricity consumption and villa GFA is a negative low 
correlation of -0.05, as shown in Figure  7-15 The correlation coefficient between 
electricity consumption and building GFA is a moderate positive correlation of 0.65, 
as shown in Figure  7-16. Likewise, the correlation coefficient between electricity 
consumption and number of national families is showing a moderate positive 
correlation of 0.42, as shown in Figure  7-17. The correlation coefficient between 
electricity consumption and number of non-national families is a negative low 
correlation coefficient of -0.19, as illustrated in Figure  7-18. 
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Table  7-5 Correlation: Electricity consumption & socio-economic indicators 
 
 
  
Figure  7-15  Electricity consumption vs. 
villa GFA 
Figure  7-16  Electricity consumption vs. 
building GFA 
  
Figure  7-17  Electricity consumption vs. 
national family 
Figure  7-18 Electricity consumption vs. non-
national family 
 
Table  7-6 demonstrates the correlation between water consumption and villa GFA, 
building GFA and residents’ nationality. The study shows a weak positive 
correlation between water consumption and villa GFA, as shown in Figure  7-19, while 
the correlation coefficient between water consumption and building GFA is a 
moderate positive correlation, as shown in Figure  7-20. 
Indicators  Correlation 
Electricity consumption vs. villa GFA -0.05 
Electricity consumption vs. building GFA 0.65 
Electricity consumption vs. national family 0.42 
Electricity consumption vs. non-national family -0.19 
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Likewise, the correlation coefficient between water consumption and number of 
national families shows a moderate positive correlation, as shown in Figure  7-21. The 
correlation coefficient between water consumption and number of non-national 
families is a positive high correlation with 0.79 coefficients, as illustrated in 
Figure  7-22. This result is contrary to what has been published previously by the 
Regulation and Supervision Bureau (PSB), discussed in Chapter 6, where national 
families are shown to consume more than non-national families. Similarly, the low 
correlation found between water consumption and the amount of green area with 
0.14 coefficients is illustrated in Figure  7-23. The high correlation found between per 
capita water consumption and the amount of green area with 0.91 coefficients is 
illustrated in Figure  7-24. 
 
In Abu Dhabi, desalinated water is used for irrigation in all dwelling areas, despite 
the government discharging 40 per cent of total treated water in environment 
(disposed in the sea or injected underground), and thus using only 60 per cent for 
street landscaping irrigation. Nutrients in wastewater might be a good source of plant 
growth; waste water contains nitrogen, phosphorus and potassium, which can be 
used as plant fertiliser. 
 
It seems that the absence of infrastructure for treated water is the main constraint in 
using treated water for plantation purposes, despite the availability of a waste water 
collection network. However, there is large potential for the Abu Dhabi government 
to resolve constrictions in the network, which will help in using all the treated water 
and reduce the water and energy consumed to produce the desalinated water. 
 
Table  7-6 Correlation between water consumption and socio-economic indicators 
Indicators Correlation 
Water consumption vs. villa GFA 0.16 
Water consumption vs. building GFA 0.73 
Water consumption vs. national family  0.66 
Water consumption vs. non-national family 0.79 
Water consumption vs. green area  0.14 
Per capita water consumption vs. green area 0.91 
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Figure  7-19  Water consumption vs. villa GFA Figure  7-20 Water consumption vs. building 
GFA 
  
Figure  7-21  Water consumption vs. national 
family 
Figure  7-22  Water consumption vs. non-
national family 
  
Figure  7-23 Water consumption vs. green area Figure  7-24 Per capita water consumption vs. 
green area 
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This research indicates that one of the main causes of high water consumption in the 
case study area is vegetation, shown by the high correlation between per capita water 
consumption and amount of green area. Further, the data set showed no clear or 
strong correlation between per capita consumption and GFA, residents’ nationalities 
and education levels. The reason for this weak correlation might be the high 
subsidies for water and electricity: free or low charges for water and electricity in 
Abu Dhabi have played a big role in increasing demand, as discussed in the previous 
chapter. Local residents benefit from government water subsidies of 100 per cent, 
and expatriate residents pay about 29 per cent of the actual costs. In regard to 
electricity, local residents pay only 20 per cent and the expatriate residents pay 60 
per cent of the actual costs. 
 
It would seem that the heavy subsidies impact negatively on residents’ behaviour; 
more subsidies lead to unsustainable behaviour by both local and expatriate 
residents. Expatriates in Abu Dhabi consume more water and electricity than they 
did in their home countries, as shown by a study undertaken by the PSB.3 The study 
examined over 100 Abu Dhabi residents of different nationalities who lived in 
almost the same living conditions. The study showed that residents from India were 
consuming more than the local residents, mostly due to high water and electricity 
subsidies. These findings indicate that the government should review the electricity 
and water subsidies legislation; applying reasonable usage tariffs can be one solution 
for cutting the high water and electricity demand in the city. 
7.12 Limitations of Data Availability 
 
Data availability and quality of the spatial indicators, in terms of the specific context 
of Abu Dhabi, were the main challenges encountered in this stage of the research. 
The lack of disaggregate data has proved to be a major limitation in assessing the 
case study’s sustainability. While there are several spatial indicators proposed in Abu 
Dhabi’s sustainability index, data are only available for six spatial indicators, and 
some of these indicators need more detail to support the analysis. 
 
                                            
3This information is based on a personal interview with Mr Jamal Shadid from PSB, 26 January 2014. 
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One of the indicators that needs more detail is the municipal solid waste indicator; in 
the case study area, waste was collected by two contractors responsible for collecting 
the solid waste in the city, neither of whom had any details about waste generated in 
each plot or even sector. Unfortunately, the only data available were on the total 
waste collected from these contractors, which was weighed in on entry to the waste 
transfer station. 
 
Another problematic indicator is vehicles’ CO2 emission. The data set for the vehicle 
statistics provided a second challenge in the GIS analysis. To calculate the CO2 
emissions from transportation, we needed more data than the total number of 
vehicles, but this information was not available. The study therefore used only the 
number of vehicles to estimate CO2, as these factors are known to be highly 
correlated. 
 
Data quality was an additional limitation in this research. The main challenges were 
related to collecting accurate and reliable data. Solving this problem is complex, and 
great effort has been taken in cleaning up the data, especially those relating to 
electricity consumption. The attribute data for electricity demand collected from the 
ADDC consisted of some missing and duplicated attribute values. 
 
However, to build a coherent DSS for a sustainable built environment, a strong 
statistical is needed to support indicators’ development.  
 
A GIS, with its powerful capabilities, can contribute significantly to Abu Dhabi’s 
environmental assessments. For instance, a GIS can help in analysing the data, 
simulating different scenarios, moving the data over to ArcScene and developing 
three dimensional models, confirming data analysis, and finally assisting in making 
the right decisions at the right time. However, to use the entire potential of GIS tools, 
reliable, up-to-date and accurate source data are required. There is an obvious need 
to improve data management and establish appropriate databases in sectors like 
waste collection and vehicle data, as well as to improve data quality significantly in 
general. 
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7.13 Conclusion 
 
GIS allows for the evaluation and analysis of information relating to a particular 
geographical area. Courtesy of GIS, researchers can plan and manage the resources 
of an area through intelligent decision making. The system seeks to understand and 
derive knowledge in a given local environment to bring about sustainable 
development and management. 
 
The discussion in this chapter revealed that GIS plays a critical role in enhancing 
urban information management. It points out that GIS achieves its objectives by 
conducting analysis, storage and presentation of data using computerised technology. 
The information provided through GIS can be used to record, monitor and predict 
environmental sustainability. In this regard, GIS provides a support mechanism to 
the planning and management of urban structure. The system links data analysis with 
decision making to promote environmental sustainability in urban environments. 
This tool has numerous benefits and capabilities that facilitate planning and 
information management in urban environments. These include improved mapping, 
easy retrieval of information, and reduced costs of urban management, flexibility and 
a minimal redundancy process. 
 
This chapter has demonstrated that by using GIS tools, high correlations were found 
between different indicators that allowed some important conclusions to be drawn, as 
indicated below. 
 
For example, a high correlation (0.91 correlation coefficient) found between per 
capita water consumption and the amount of green area indicated that very little of 
treated water was used for plantations watering. The absence of appropriate 
infrastructure was the main constraint in using treated water for plantation purposes, 
despite the availability of a waste water collection network. The establishment of 
appropriate infrastructure for treated water use for watering the green plantations 
will reduce the consumption of expensive desalinated water resources. 
 
CHAPTER SEVEN 
280 
In contrast, there was no clear or strong correlation found between per capita 
consumption and GFA, residents’ nationalities and education levels. This is might be 
related to very high government subsidies for water and electricity that may 
negatively impact on residents’ behaviour in water and electricity consumption. 
These findings indicate the need to review electricity and water subsidies legislation, 
as the application of reasonable tariffs can be one solution for cutting high water and 
electricity demand in the city. 
 
These and other conclusions provided in this chapter made use of GIS tools for 
spatial data and sustainability indicator analysis that demonstrates the feasibility of 
the approach and the efficiency of GIS in in the establishment of a decision making 
support system. The chapter also highlighted the usefulness of GIS in assisting 
decision makers to analyse the development of city sustainability patterns with 
respect to space and socio-economic and sustainability indicators. 
 
The outputs and results of this study will benefit decision makers through the 
creation of reliable urban information databases. The findings will also enable the 
decision making support system to facilitate proactive strategies for the city’s 
resources for future sustainable developments. 
7.14 Summary and Link 
 
This chapter examined the use of spatial analysis in making decisions that are much 
needed when constructing sustainable urban environments. The chapter evaluated 
Abu Dhabi’s sustainability performance using GIS, MCE and sustainability 
indicators. The aim was to test a set of spatial sustainability indicators to characterise 
the current context of Abu Dhabi’s sustainability, and to provide an indication of 
necessary responses, and also as a means for monitoring progress. The chapter 
presented the benefits of the GIS and the role it plays in management of urban 
information. The next chapter is a discussion of the research findings, limitations and 
conclusions. 
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CHAPTER 8: CONCLUSION 
 
8.1 Introduction 
 
In this study, Abu Dhabi Emirate’s sustainability performance was analysed through 
the implementation of a set of proposed indicators. Water, solid waste and energy 
themes were selected based on understanding Abu Dhabi’s needs and priorities. The 
DSR approach was used as the methodology to develop the framework in the context 
of Abu Dhabi Emirate (Juwana, Muttil and Perera 2012). This research examined the 
possible use of sustainability indicators and GIS to support environmental decision 
making. 
 
To achieve the aims of this thesis, the first step was to understand the existing 
framework of different sustainability indicators for other cities. According to 
Kawach (2012), such an understanding is crucial in the development of several 
criteria for the selection of suitable indicators for Abu Dhabi. In this regard, a review 
of previous literature was necessary to establish the necessary indices for 
sustainability. A literature review for GIS was necessary to provide the framework 
for understanding how to establish sustainable development indicators. 
Consequently, there emerged a need to create a conceptual framework and indicators 
that were specific to Abu Dhabi. 
 
The sustainability indices act as powerful tools for decision makers to assess a city’s 
current performance. Mekonnen (2011) argues that sustainability indices allow 
stakeholders to decide the future directions of a city’s sustainable development. 
Finally, the study combined relevant sustainability indicators with GIS software to 
provide a decision tool to support assessment of built environment effects. The GIS 
software also enables developers to present an effective methodology for spatial 
analysis of information. The information provided becomes essential in the analysis 
of the environmental indicators using GIS tools. 
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Decision making on the current status and planned development against potential 
adverse environmental impacts becomes easier. The study examined the relevance of 
the social economic indicators and consumption patterns. The main objective was to 
come up with a GIS-linked environmental decision making support approach for 
Abu Dhabi’s built environment. The link will enable the development of better 
decisions and evaluations of development policies. 
8.2 Key Findings 
 
The thesis proposed a set of sustainability indicators for Abu Dhabi Emirate’s built 
environment. The case study confirmed the initial findings from the detailed 
literature review, and the information from the case study helped to illustrate the 
environmental problems associated with urban development. The information from 
this study has illustrated the real potential of the indicators for improving Abu 
Dhabi’s sustainability performance, and provides a clear perspective of how the 
proposed indicators can be used as a sustainable built environmental decision system 
tool. The role of GIS in the analysis of sustainability, with respect to Abu Dhabi’s 
built environment, is illustrated by identifying energy, water and solid waste 
hotspots. This system makes it possible to rank sustainability and evaluate the impact 
of social economic behaviour. 
 
This study has validated the research hypothesis that was proposed in Chapter 1, that 
GIS can be used as a sustainable built environmental decision system tool using 
relevant environmental indicators in Abu Dhabi, UAE. According to Nyerges and 
Jankowski (2010), GIS can be used to assess records and predict environmental 
sustainability. In this regard, the predictions act as support systems within the 
planning and institutional structure in Abu Dhabi. GIS tools allow for a better 
understanding for decision making, with the potential representation of spatial data. 
 
The following is a structured outline of the findings of GIS’s applicability in Abu 
Dhabi. 
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8.2.1 Links Between Different Indicators 
 
Sustainability indices allow developers to establish necessary economic, social and 
environmental activities. The anticipated indicators of sustainability can offer a 
variety of roles in assisting the success of Abu Dhabi’s sustainability. A 
comprehensive understanding of the development indicators, indicator trends and the 
links between different indicators is essential in viable urban development. 
 
Decisions made in response to isolated indicators can often be misguided and 
unsustainable. For instance, switching to nuclear energy could be an alternative clean 
energy, with almost zero CO2 emissions. However, the hazardous waste and 
radiation generated from this kind of energy impacts negatively on a city and its 
environment. Abu Dhabi city is directly linked to water consumption as an indicator. 
A reduction in energy consumption requires a corresponding decrease in sea water 
desalination. According to Dawoud and Mulla (2012), desalination is an energy 
consuming process. Understanding the correlation between these indicators and 
identifying the important relationship between all indicators and indices will further 
enable progress towards sustainable development. 
8.2.2 Trends in Water and Energy Consumption Indicators 
 
Analysis of the water and energy indicators show Abu Dhabi citizens are consuming 
more than they need. The city’s population is growing rapidly, resulting in increased 
demand for power and water. Brandon and Lombardi (2011) caution that the 
inefficient use of natural resources is catastrophic to a community. Results from a set 
of indicators show that increased demand for water and energy have been met 
through higher water and energy production (Alsalmi et al., 2013b). Unfortunately, 
the city has no record of improved efficiency in the utilisation of water and energy. 
Nevertheless, in January 2015, the Abu Dhabi government announced minimising 
government water and electricity subsidies (ABRSB, 2015). This new legislation 
represents a positive step towards reducing water and electricity consumption in the 
Emirate. 
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The city has high CO2 emissions. To this end, Abu Dhabi is required to enhance the 
management of the consumption pattern and efficiency, rather than supply aspects. 
CO2 emissions in Abu Dhabi are high primarily because Abu Dhabi has one of the 
lowest cost regarding petroleum in the world. In regard to electricity, local residents 
pay only 20 per cent and expatriate residents pay 60 per cent of the actual bills 
(Mezher et al., 2012). On the other hand, the local residents benefit from government 
water subsidies of 100 per cent, while expatriates pay about 29 per cent of the actual 
cost. The availability of cheap energy and the low costs of water and electricity have 
played a critical role in increasing demand. This then places significant pressure on 
the environment to meet this demand. 
8.2.3 Renewable Energy and Nuclear Energy Indicators 
 
Analysis of the renewable energy indicator shows poor performance in sharing 
energy used from renewable sources as a percentage of total energy consumption. 
Abu Dhabi is supposed to produce seven per cent of its overall energy from 
renewable sources (SCAD, 2012a). The city is also required to produce 26 per cent 
of its energy from nuclear sources by the year 2020. It is unlikely, with the current 
pattern of consumption, that Abu Dhabi will be able to achieve its target. 
 
With the challenge of scarce renewable energy resources in the area, the renewable 
fraction of total energy consumption is very small. According to AD (2010), a 
substantial percentage of Abu Dhabi’s energy is sourced from oil and natural gas. 
Chapter 7 of this study illustrated that natural gas accounts for 95 per cent of the 
energy sources in the city. Less emphasis should be placed on Abu Dhabi’s solar and 
wind sources, due to their lack of usefulness. UAE has a desert climate, with low 
wind and high dust; these affect photovoltaic (PV) and turbine performance. Abu 
Dhabi Emirate can instead invest in solar and wind energy in neighbouring countries, 
such as Egypt, Sudan and Morocco. 
 
The development of nuclear energy might not be a good alternative for a small city 
like Abu Dhabi, as the safety regulations are too high to actualise. Radioactive waste 
materials have adverse effects on the environment, and nuclear energy should only 
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be adopted based on a proper assessment of nuclear waste disposal (Conca and 
Dabelko, 2014). Abu Dhabi can maximise the existing alternative energy sources, 
which are abundant in the region. This high potential and the optimisation of this 
mix are beneficial to Abu Dhabi’s financial and environmental sustainability. 
8.2.4 Trends in Solid Waste Generation Indicators 
 
The indicator-based analysis revealed that solid waste generation is high in the city 
of Abu Dhabi. According to Issa and Shehhi Issa (2012), solid waste volumes in Abu 
Dhabi are expected to rise, given the increased human activities. An increase in 
waste volumes implies that disposing facilities and costs for management will 
increase. The random elimination of solid waste might cause a loss in economic 
value, in addition to the accompanying negative effects on the environment and 
health. Further, waste generation is directly linked to traffic problems, air and water 
pollution. 
 
Detailed analysis for solid waste indicators suggests that the current landfills are over 
capacity and their condition is below international standards. The lack of proper 
disposal services in the Abu Dhabi Emirate has led to the disposal of all solid waste 
into landfill as unsorted waste. According to Ember (2009), landfills are poor sites 
for unsorted wastes. The new proposed landfill (ADM, 2013), recovery, recycling 
and sorting facilities can be one of the main solutions. A facility of this nature is 
available and seeks to make a big change in the waste management system in Abu 
Dhabi. Waste-to-energy is another important opportunity as the greenhouse gases 
generated from waste can be used to generate clean electricity. 
 
Abu Dhabi has an inadequate provision for recycling avenues for solid waste 
management. Improved waste management is an area of interest for future prospects 
in the city. There is great effort required for collection and separation systems that 
will help to increase the recycling system and reduce growing waste loads in landfill 
(Al Sabbagh et al., 2012). The stream of municipal waste indicator demonstrated that 
the C&D sector is the largest waste stream, contributing to 49.4 per cent, followed 
by the municipal waste, which contributed 33 per cent of the city’s total solid waste. 
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The majority of municipal waste is organic and this contributed 39 per cent. 
Managing these kinds of waste is easier compared to other streams (Alsami et al. 
2013). This will give the Abu Dhabi opportunity to enhance the amount of disposed 
waste with reduced effort. 
 
The study found that the amount of C&D waste in Singapore’s recycle and re-use is 
99 per cent. In light of this, Abu Dhabi can benchmark their practices based on other 
cities like Singapore. Composting the organic fraction of municipal waste may help 
to reduce landfill and might be a good source of garden fertilisation (Alsami et al. 
2013). One common practice in the Abu Dhabi Emirate used to be feeding home 
animals such as chickens, ducks, goats and sheep, as a method of food scrap 
disposal. The modernisation of lifestyles has led to the extinction of this practice; 
returning to this practice of keeping animals at home can reduce the amount of 
wasted food. 
 
The waste management system in Abu Dhabi is going through major modification 
after establishing the CWM. This centre should enable better integration of waste 
management systems, and will create new opportunities to enhance sorting and 
recycling practices. Clearly, this study has demonstrated that improvement is 
necessary. 
8.2.5 Policy Execution 
 
In Abu Dhabi’s water, solid waste and energy indices, there is a consensus on the 
need to improve governance and policies. The study found that Abu Dhabi lacks 
comprehensive and effective policies for almost every assessment performance in the 
three indices. However, the government is required to prioritise proper policy 
execution techniques for sustainable development. The UN Agenda 21 points out 
that urban areas are required to ‘develop national policies and strategies to encourage 
changes in unsustainable consumption patterns’ (UN, 1992a). In light of this, 
necessary legislation can be introduced to encourage proper policy execution 
procedures in Abu Dhabi. 
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Abu Dhabi’s government is aiming to reduce the pressure on natural resources and 
produce sustainable patterns of living within a local context through the framework. 
However, an inadequate financial commitment towards policy execution inhibits 
sustainable development. Sustainable development is a long term agenda. Towards 
this end, there needs to be a rationalisation of sustainability indices and the required 
policy frameworks (Alsami et al. 2013). Consequently, a strong strategic 
development agenda is required. 
 
Policy execution can be adopted from practices in other territories, such as Singapore 
and Frankfurt (Germany). The government must learn to adopt other cities’ 
practices. For instance, policy execution can be realised through integration of all 
related stakeholders. The stakeholders will, in turn, develop a policy framework that 
is easy to execute. Cities like Copenhagen have developed a similar approach. Bell 
and Morse (2008) posit that adopting practices from other cities allows for 
comparison on the ideal policies for sustainable development. In this regard, future 
generations will have a variety of options to select from. 
 
Policy execution is insufficient in Abu Dhabi, but legislation is not the problem. 
Several policies and legislation are in place regarding sustainable development, such 
as Federal law No. 24 1999, ‘The protection & development of the environment’ and 
Emirate Law No 21, 2005, ‘Administration of waste material’. The challenge lies in 
the enforcement of the laws. Equal enforcement of legislation can help the city to 
adopt better strategies to manage their resources. Consequently, a strategy needs to 
outline the bylaws and tasks to be undertaken for a sustainable built environment. 
Nevertheless, the most effective legislation enforcements are those that stem from a 
person’s ethics (Hagan, 2001). Accordingly, the government must raise 
environmental awareness across all community levels before enforcing them by law. 
8.2.6 Public Engagement and Community Behaviour 
 
As discussed in Chapter 6, one of the main barriers in Abu Dhabi’s sustainability 
development is insufficient public participation. Analysing public engagement 
indicators across all indices revealed poor performances in Abu Dhabi Emirate. 
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Public participation requires an active involvement of the resident communities in 
developing ideal policies that promote sustainability (Al Sabbagh et al., 2012). 
However, the study found that the majority of the city’s residents are out of touch 
with the policies on sustainable development. 
 
There is a movement in the direction of sustainability from the government. In this 
regard, the challenge lies with the local ‘Emirati’ community. The older generation 
are consuming the natural resources more sustainably than the young generations. 
Older people in UAE used to live in scarce deserts, which made their lifestyles far 
more economical, even during times of plenty. The local authority should work with 
the locals to develop a culture of environmental awareness (Al Jeetawi, 2013). 
Environmental awareness among a people encourages the implementation of policies 
that promote sustainable development. 
 
Community behaviour and attitude is a core issue in Abu Dhabi’s sustainability, 
focusing on promoting and encouraging locals to achieve sustainable practices. 
Sound government policies might help to change citizens’ behaviour towards more 
sustainable development. To achieve its goal, the government should encourage and 
enforce individuals’ behaviour to adopt better strategies to manage their local 
resources (Alsalmi et al., 2013a). Reducing citizens’ environmental footprints 
through awareness or legislation will reduce the impact on the environment 
significantly. Long term public education is a useful tool, starting from school and 
institutional education programmes, general public awareness and engagement in 
management. 
8.2.7 Spatial Indicators 
 
This study showed that the GIS tool is very helpful in analysing and ranking the 
development of city sustainability patterns. According to Longley (2005), GIS 
evaluates space, socio-economic and sustainability indicators and the ways that they 
encourage development. The outputs and results of this study will benefit decision 
makers through the creation of reliable urban information databases. The findings 
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will also make it possible for the decision making support system to facilitate 
proactive strategies on cities’ resources for future sustainable development. 
 
In this study, high correlations were found between different indicators that allowed 
some important conclusions to be drawn, as indicated below. GIS analysis 
established that one of the main reasons for high water consumption in the area was 
vegetation.  There is a high correlation (0.91 correlation coefficient) between per 
capita water consumption and amount of ‘green’ in an area. In Abu Dhabi, 
desalinated water is being used for irrigation in all dwelling areas. The GIS analysis 
established that the government discharges 40 per cent of the total treated water into 
the environment. Unfortunately, only 60 per cent of the water is used for street 
landscaping irrigation (Dawoud, 2012). 
 
Nutrients in wastewater might be a good resource for plant growth, as waste water 
contains nitrogen, phosphorus and potassium, which can be used as fertiliser for 
plants. It seems that the absence of an infrastructure network for treated water is the 
main constraint in using the treated water in plantation proposes, despite the 
availability of waste water collection networks. However, the large potential for 
reduction is to be found in the constriction of this kind of network, providing another 
opportunity for Abu Dhabi’s government. This will help to use all treated water, 
reduce desalinated water consumption and reduce energy usage in producing this 
water. 
 
GIS analysis provided adequate information touching on energy and water subsidies. 
As demonstrated in Chapter 7, the high subsidies of energy and water have led to 
environmental crises in the area. The data set showed no clear or strong correlation 
between ‘per capita water or electricity consumption’ and GFA, residents’ 
nationalities and education levels. Nevertheless, the GIS tools proved essential in the 
determination of the various indices and how they related to sustainable 
development. 
8.3 Limitations of the Study 
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The previous chapters demonstrated that the availability of accurate data and the 
importance of detailed statistics to support indicator reliability were successful in 
their role. In this research, the main challenges are more related to the organisational 
than to the technical issues. The lack of quality and accurate data has proved a major 
limitation to the process of developing Abu Dhabi sustainability indicators. The lack 
of transparency in data provision is a major obstacle in most organisations in Abu 
Dhabi Emirate. 
 
Reliability of the published data is another issue that posed as a limitation to this 
study. Creswell (2009) points out that studies are made effective with the accuracy of 
the data collected. The confusion appears to be that different numbers and statistics 
are given for the same issue from a range of organisations. For instance, the statistic 
data for Abu Dhabi solid waste generation is different to the data received from the 
statistics centre in Abu Dhabi (SCAD) and the CWM in Abu Dhabi. Why does each 
organisation have different data for the same element? The lack of communication 
between the different entities poses one of the main challenges; unclear delineation 
of roles and responsibilities for Abu Dhabi stockholders in environmental issues is 
another. The study has been conducted based on available data. The lack of 
information way well be misleading the research study results, and misguiding 
integral decision making strategies. 
 
Although the development of Abu Dhabi indices were achieved through a literature 
review, one of the limitations of the research study was the lack of literature 
available on built environmental sustainability indices. There was no clear 
framework from which to develop the sustainability indices, especially on solid 
waste. It was challenging to find and develop the indicators that fitted Abu Dhabi’s 
environment and cover all aspects of the area. 
 
Another limitation is that this study covered only water, solid waste and energy 
themes, while other literature on the sustainability of the built environment also 
covered noise, air quality, transportation, green areas and land use. It is 
recommended these themes be undertaken in future studies. 
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During the second round of using Delphi technique, the maximum targeted 
participants were only five participants from key experts in the area. As discussed in 
the methodology chapter, the Delphi technique is more successful when the number 
of expert participants is large. The lack of participants might have resulted in a 
limited demonstration of discipline and lack of authority displayed in the results (Liu 
et al., 2012). The limited number of participants in face-to-face interviews was due 
to the difficulty in identifying the key experts with a good knowledge of threshold 
values to represent the indicators. The key experts in the second round were recruited 
after filtering the initial contact lists used in Round One of Delphi technique. 
8.4 Future Work 
 
The current study does not address all the issues on sustainable development. 
However, there are some specific areas of study which should be considered. The 
following are areas that require further research. 
8.4.1 Three Dimensional Analysis 
 
Moving the developed GIS model into Arc Scene and developing a three 
dimensional model might be a powerful decision tool. The 3D visualisation tool will 
allow access to spatial indicators through a realistic model, rather than through maps 
(Xu and Coors, 2012). By using a three dimensional model visualisation, decision 
makers would be able to communicate the impact of any change in the physical 
environment with decision makers and human activities in a better way than by using 
two dimensional maps. Establishing a three dimensional model for Abu Dhabi City 
will cover the needs of city planners, developers and decision makers to have access 
to a comprehensive model illustrating existing situations, combined with planned 
activities. 
 
Developing a three dimensional analysis for Abu Dhabi’s built environment might 
provide important information for various dimensions of city assessment. First, for 
analysis and simulated environmental impacts and their trends, the tool enables 
technicians to measure the impacts of events such as noise, pollution and traffic 
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(Nyerges and Jankowski, 2010).Virtual three dimensional city models enable the 
simulation of a building’s effects on surrounding areas or neighbourhoods. This 
essential preparation ensures three dimensional city models will enable the decision 
maker to gain a realistic, panoramic view of the existing situation (e.g., 
infrastructure, buildings, green areas and roads). Planning new design, infrastructure 
and facility services can be done in a better manner, so too can the study of the 
current land use classification, population density, transportation patterns and 
building usage. It would also be useful in position analysis, crisis services 
forecasting and in construction project analysis with field calculation. Further, 
capacities of the spatio-temporal management of all the city model data (buildings, 
networks, and vegetation) are required to offer analysis of future and past capacities. 
8.4.2 Enhancing Data Quality and Improving Collaboration 
Between Stakeholders 
 
Another important consideration in Abu Dhabi Emirate is a comprehensive 
management system. Improper management of the data makes it difficult to work 
efficiently. Consequently, the integrated management system of enterprise data is the 
best way to improve decision making processes and reduce expenses (Lovett, 2008). 
There is a lack of a comprehensive databases and records for environment indicators 
that meet international standards. Such information would enhance the assessment of 
the current performance and then the decision making process. 
 
The indicators that have been developed in this study are a useful tool to assess city 
performance. However, to achieve sustainability, stakeholders must work together. 
Specific efforts from key stakeholders including governments, organisations and the 
general public for further collaboration should be undertaken to understand and use 
sustainability indicator activities (Vecchia et al., 2014). The lack of communication 
between the different entities poses one of the main challenges; unclear delineation 
of roles and responsibilities for Abu Dhabi stockholders in environmental issues is 
another. The issues of conflict in delineations and responsibilities has led to 
misguided integral decision making in urban strategies. To achieve a comprehensive 
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management system, Abu Dhabi must enhance the current practice in both data 
quality and cooperation between different stakeholders. 
8.4.3 Further Themes and Indicators of Development 
 
In this study, to assess Abu Dhabi’s built environment, water, solid waste and energy 
indices have been developed, based on understanding Abu Dhabi’s needs and 
priorities. Taking advantage of this research, future studies can develop the other 
themes and indices: transportation, noise, air quality, green area and land use. 
 
Further development indicators are important for future work. The proposed 
indicators were related to the problems in the region, and the accessibility of 
information (Eugenio 2014). With more detailed information, especially about the 
coastal area, the infrastructures of water systems, medical waste and water quality 
(marine and groundwater), may lead to discovering more important indicators that 
can add to the current lists. Moreover, the current set of indicators must be updated 
on a regular basis and key gaps must be filled. Updating these indicators would mean 
collecting more detailed information and statistics. Indicators are contextual and may 
vary with different collected data, and could even be different with updated 
priorities. 
 
The conclusion of this research is that, through these results, Abu Dhabi Emirate is 
under increasing pressure from various activities, such as waste generation, water 
and power consumption. Effective management strategies, in accordance with the 
world’s best practices, will be important to support the interest of multiple user 
groups (Quang et al., 2015), prevent environmental degradation and facilitate 
sustainable development to conserve these assets for current and future generations. 
The developed sets of indicators for Abu Dhabi Emirate is based on literature 
reviews, the world’s best practices and their relevance to Abu Dhabi’s unique 
environment. The proposed sets of indicators can be a useful tool to manage and 
improve the city’s resources, as well as being a guideline to the government for a 
better sustainable future. 
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Appendices 
 
Round (1) Questionnaires 
 
Developing Abu Dhabi’s Energy sustainability Indicators 
 
Dear Participant,  
This survey is an integral part of a research titled “Developing a spatial linked decision 
support system for sustainable built environment in Abu Dhabi”. The research aims to 
develop spatial sustainable indicators for Abu Dhabi’s built environment. The outcome 
of the survey will enable the researcher to refine and finalise the recommendations for 
the development of a framework of sustainability indicators for the city of Abu Dhabi. 
  
 
For further information please contact (hkals@deakin.edu.au) 
 
Date---------------------------------------------------- 
 
How do you best describe yourself? (Please circle the number) 
1 Specialist/ Expert/  Academic/ Engineer  in the Energy Field  
2 Decision maker in The Energy Field 
3 General Public 
 
 
 
1. General information about Abu Dhabi Energy sustainability Indicators  
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Abu Dhabi Emirate has one of the world’s highest energy consumption and carbon 
footprints with 11,380 kg of oil equivalent per capita in 2011. The consumption figure is 
also expected to increase sharply. Household electricity and transportation fuels are the 
main sectors of the city’s energy demand. Fast population growth, unique weather, gross 
floor area and high energy subsidies are the main cause of high energy consumption.  
 
This part of the research aims to develop a set of sustainability indicators for Abu 
Dhabi’s challenging and unique built environment. The proposed framework involves 
21 indicators, divided into five categories. Using an integrated cause-effect approach 
(DSR – Drive force, State, Response), the indicators were related in terms of their 
interdependencies, with a holistic view of the city’s energy practices. 
Component-Related Questions (to be completed by respondents) 
 
Do you agree with the following components being included in the energy framework? 
1= strongly disagree   2= disagree   3= Neutral   4= agree   5 =strongly Agree 
Category Your Score 
(Please circle the number) 
Accessibility 1 2 3 4 5 
Energy Use & Efficiency 1 2 3 4 5 
Environment Protection 1 2 3 4 5 
Affordability &Financial sustainability 1 2 3 4 5 
Governance & Policy 1 2 3 4 5 
 
Of the above components, do you think any should be modified or removed? Are there 
other components to be added? 
 
 
If your answer is No for Question 2.2, please continue to Part 3. If your answer 
is “Yes”, what are the components to be modified or removed? What are the 
components to be added? 
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2. Indicator–Related Questions (to be completed by respondents) 
Do you agree with the following indicators being included in the energy 
sustainability indicators framework?  
    1= strongly disagree   2= disagree 3= Neutral 4 = agree 5= strongly Agree 
Category Indicators 
Your Score 
(Please circle) 
Accessibility Population with access to electricity (%)  1 2 3 4 5 
  Energy use per capita (primary energy) 1 2 3 4 5 
  Electricity consumption per Capita  1 2 3 4 5 
Energy Use 
& Efficiency 
Stream of Electricity consumption ( residential, 
industrial, agricultural, commercial/services)  
1 2 3 4 5 
  
Disparities: “Household energy use for each income 
group”  
1 2 3 4 5 
  
  
The share of energy consumption in transportation 
sector per total final energy consumption  
1 2 3 4 5 
Grid efficiency: “% Electricity transmission and 
distribution losses” 
1 2 3 4 5 
Safety: Number of annual fatalities per energy  produced 
by fuel chain 
1 2 3 4 5 
  Diversification: “Fuel shares in energy and electricity” 1 2 3 4 5 
  
Renewable Energy: “energy used from renewable source 
as a percentage of total energy consumption” 
1 2 3 4 5 
  
Energy  intensity: “Total annual energy consumed by the 
city, in  per unit of GDP” 
1 2 3 4 5 
  Household Electricity Intensities 1 2 3 4 5 
  Transport  energy Intensities 1 2 3 4 5 
Environment 
Protection 
Climate change: “CO2 emissions from Energy  
activities”  
1 2 3 4 5 
  Air Pollution : “emissions from energy systems” 1 2 3 4 5 
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Water pollution: “contaminant discharges in liquid 
effluents from energy systems”  
1 2 3 4 5 
  
Solid Waste: “ratio of solid waste generation to units of 
energy produced” 
1 2 3 4 5 
Affordability 
&Financial 
sustainability 
Affordability: Household Energy Expenditure Load % 
(Energy expenditure/average household income) 
1 2 3 4 5 
  
Energy  price: Average price in US$ for Electricity kWh 
and fuel L of regular gasoline/ Diesel 
1 2 3 4 5 
Governance 
&Policy  
Clean and efficient energy policies: An assessment of 
the extensiveness of policies promoting the use of clean 
and efficient energy. 
1 2 3 4 5 
  
Public participation: measure of the public engagement 
in activities of clean and efficient energy use.   
1 2 3 4 5 
 
x Of the above indicators, do you think any should be modified or removed? Are 
there other indicators to be added? 
 
 
x If your answer is “Yes” for Question 3.2, what are the indicators to be modified 
or removed? What are the indicators to be added? 
 
 
 
 
 
x Based on your professional experience, please evaluate the importance of the 
indicators listed below for assessing the sustainability of Abu Dhabi’s built 
environment. Use the scale of 1 to 10 to identify the level of importance, in 
which 1 means “not important”   and 10 means “extremely important”  
 
Category Indicators 
Your Score 
(Please circle) 
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Accessibility 
Population with access to electricity 
(%)  
1 2 3 4 5 6 7 8 9 10 
  Total Energy use per capita  1 2 3 4 5 6 7 8 9 10 
  Electricity consumption per/ Cap 1 2 3 4 5 6 7 8 9 10 
Energy Use & 
Efficiency 
Stream of Electricity consumption 
(residential, industrial, agricultural, 
commercial/services)  
1 2 3 4 5 6 7 8 9 10 
  
Disparities: “Household energy use 
for each income group”  
1 2 3 4 5 6 7 8 9 10 
  
  
 
The share of energy consumption 
“in transportation sector per total 
final energy consumption”  
1 2 3 4 5 6 7 8 9 10 
Grid efficiency: “% Electricity 
transmission and distribution 
losses” 
1 2 3 4 5 6 7 8 9 10 
Safety: “Number of annual fatalities 
per energy  produced 
by fuel chain” 
1 2 3 4 5 6 7 8 9 10 
  
Diversification: “Fuel shares in 
energy and electricity” 
1 2 3 4 5 6 7 8 9 10 
  
Renewable Energy: “energy used 
from renewable source as a 
percentage of total energy 
consumption” 
1 2 3 4 5 6 7 8 9 10 
  
Energy  intensity: Total annual 
energy consumed by the city, in  per 
unit of GDP  
1 2 3 4 5 6 7 8 9 10 
  Household Electricity Intensities 1 2 3 4 5 6 7 8 9 10 
  Transport  energy Intensities 1 2 3 4 5 6 7 8 9 10 
Environment 
Protection 
Climate change: “CO2 emissions 
from Energy  activities”  
1 2 3 4 5 6 7 8 9 10 
  
Air Pollution : “emissions from 
energy systems” 
1 2 3 4 5 6 7 8 9 10 
  
Water pollution: “Contaminant 
discharges in liquid effluents from 
1 2 3 4 5 6 7 8 9 10 
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energy systems”. 
  
Solid Waste: “ratio of solid waste 
generation to units of energy 
produced” 
1 2 3 4 5 6 7 8 9 10 
Affordability 
&Financial 
sustainability  
Affordability: “Household Energy 
Expenditure Load % (Energy 
expenditure/average household 
income)” 
1 2 3 4 5 6 7 8 9 10 
  
Energy  price: “Average price in 
US$ for Electricity kWh and fuel L 
of regular gasoline/ Diesel” 
1 2 3 4 5 6 7 8 9 10 
Governance 
&Policy  
Clean and efficient energy policies: 
“An assessment of the 
extensiveness of policies promoting 
the use of clean and efficient 
energy” 
1 2 3 4 5 6 7 8 9 10 
  
Public participation: “measure of 
the public engagement in activities 
of clean and efficient energy use”   
1 2 3 4 5 6 7 8 9 10 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in this 
questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will do a 
lot to enhance current practice in the area. All participants are invited to request a copy 
of the results at the conclusion of the study by contacting (hkals@deakin.edu.au). 
 
 
 
PhD Researcher 
School of Architecture and Built Environment 
Deakin University  
Melbourne, Australia
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Developing Abu Dhabi’s Solid Waste Sustainability Indicators 
 
 
Dear Participant,  
This survey is an integral part of a research titled “Developing a spatial linked decision 
support system for sustainable built environment in Abu Dhabi”. The research aims to 
develop spatial sustainable indicators for Abu Dhabi’s built environment. The outcome 
of the survey will enable the researcher to refine and finalise the recommendations for 
the development of a framework of sustainability indicators for the city of Abu Dhabi. 
  
 
For further information please contact (hkals@deakin.edu.au) 
 
Date---------------------------------------------------- 
 
How do you best describe yourself? (Please circle the number) 
1 Specialist/ Expert/  Academic/ Engineer  in the waste field  
2 Decision maker in the waste field 
3 General Public 
 
 
 
 
 
1. General information Abu Dhabi Solid Waste sustainability Indicators 
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In Abu Dhabi, fast development in the city’s urbanisation, population and high income 
(GDP) led to an increased generation of city waste, and ranks towards the top of waste 
generation cities per capita worldwide. Household and Construction & Demolition are 
the main sectors of the city’s solid waste generation. Sustainability Development 
Indicators (SDI) can play an important role in supporting decision makers in planning 
city sustainability and in developing Solid Waste Management systems. 
 
The main objective for this work is to develop solid waste sustainability indicators for 
Abu Dhabi Emirates. The methodology used for developing Abu Dhabi Sustainable 
Waste Indicators was the Driving force–State–Response (DSR) approach, the 20 
indicators proposed were segregated into five categories. The built indicators can be a 
baseline to assess the decision makers to develop an integrated waste management 
system to allow the city to meet the high international standards in this field.  
 
2. Component-Related Questions (to be completed by respondents) 
Do you agree with the following components being included in the solid waste 
framework? 
   1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
Category Your Score (Please circle the number) 
Quantity & Stream 1 2 3 4 5 
Environmental control & Resource management 1 2 3 4 5 
Construction  & Demolition Waste 1 2 3 4 5 
Financial sustainability 1 2 3 4 5 
Policy and governance 1 2 3 4 5 
Of the above components, do you think any should be modified or removed? Are there 
other components to be added? 
 
 
If your answer is No for Question 2.2, please continue to Part 3. If your answer is “Yes”, 
what are the components to be modified or removed? What are the components to be 
added? 
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3. Indicator–Related Questions (to be completed by respondents) 
Do you agree with the following indicators being included in the solid waste 
sustainability indicators framework?  
          1= strongly disagree   2= disagree 3= Neutral 4 = agree 5= strongly Agree 
Category Indicators 
Your Score 
(Please circle) 
Quantity & Stream  
Total annual volume of waste generated by the city. 1 2 3 4 5 
Generation of  Municipal Solid Waste  per capita  1 2 3 4 5 
  Generation of Hazardous solid Waste per tonnes  1 2 3 4 5 
  
Stream of solid waste: “Percentage of Composition of   total 
solid waste (Municipal, Commercial, Construction& 
Demolition, Hazardous waste…etc.)”  
1 2 3 4 5 
  
Stream of municipal solid waste: “Percentage of 
composition of municipal solid waste (Paper, Organic, 
Plastic, Glass …etc.)” 
1 2 3 4 5 
  
Waste Captured by the system: “Percentage of the solid 
waste that go into the formal waste management system” 
1 2 3 4 5 
  
Controlled Disposal : “Percentage disposal in landfills or 
controlled disposal sites of total waste generated” 
1 2 3 4 5 
 
Recycling &Composting:  “percentage of total waste which 
is recycled as materials and various forms of organics 
recovery (composting, anaerobic digestion, animal feeding) 
are included” 
1 2 3 4 5 
Environmental 
control & Resource 
management 
Landfills condition: “specification of current controlled 
Landfill by  meeting the international standards”  
1 2 3 4 5 
Energy generation by treated waste: “Percentage of energy 
generated form waste management system either from 
landfill or incineration”  
1 2 3 4 5 
  
Collection Coverage: “percentage of population who has 
access to waste collection & street sweeping service”. 
1 2 3 4 5 
  Collection route and frequency per days 1 2 3 4 5 
Construction  & 
Demolition 
Recycling:  “percentage of total waste which is recycled as 
materials”  
1 2 3 4 5 
Percentage of total Contractors paying for waste collection 
& disposal services. 
1 2 3 4 5 
Financial 
sustainability  
Solid Waste  budget per Capita per year  
1 2 3 4 5 
  City solid Waste budget per capita as % of GDP capita (%) 1 2 3 4 5 
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“Percentage of total population paying direct or indirect for 
waste collection / disposal services”  
1 2 3 4 5 
Governances & 
Policies 
Waste collection and disposal policy: “measure of a city’s 
efforts to improve or sustain its waste collection and 
disposal system to minimize the environmental impact of 
waste” 
1 2 3 4 5 
  
Waste recycling and re-use policy: “measure of a city’s 
efforts to reduce, recycle and re-use waste”. 
1 2 3 4 5 
  
Public participation: “roportion of individuals who volunteer 
for a group or organization as a measure of local community 
strength and the willingness of residents to engage in 
activities for which they are not remunerated”  
1 2 3 4 5 
 
x Of the above indicators, do you think any should be modified or removed? 
Are there other indicators to be added? 
 
 
x If your answer is “Yes” for Question 3.2, what are the indicators to be 
modified or removed? What are the indicators to be added? 
 
 
 
 
 
 
x Based on your professional experience, please evaluate the importance of the 
indicators listed below for assessing the sustainability of Abu Dhabi’s built 
environment. Use the scale of 1 to 10 to identify the level of importance, in 
which 1 means “not important”   and 10 means “extremely important” . 
Category Indicators 
Your Score 
(Please circle) 
Quantity & 
Stream  
Total annual volume of waste generated 
by the city. 
1 2 3 4 5 6 7 8 9 10 
Generation of  Municipal Solid Waste  
per capita 
1 2 3 4 5 6 7 8 9 10 
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Generation of Hazardous solid Waste per 
tonnes 
1 2 3 4 5 6 7 8 9 10 
  
Stream of solid waste: “percentage of 
Composition of   total solid waste 
(Municipal, Commercial, Construction& 
Demolition, Hazardous waste…etc.)”  
1 2 3 4 5 6 7 8 9 10 
  
Stream of municipal solid waste: 
“percentage of Composition of municipal 
solid waste (Paper, Organic, 
Plastic…etc.)” 
1 2 3 4 5 6 7 8 9 10 
  
Waste Captured by the system: 
“percentage of the solid waste that go 
into the formal waste management 
system” 
1 2 3 4 5 6 7 8 9 10 
  
Controlled Disposal : “Percentage 
disposal in landfills or controlled 
disposal sites of total waste generated” 
1 2 3 4 5 6 7 8 9 10 
  
Recycling &Composting: “ percentage of 
total waste which is recycled as materials 
and various forms of organics recovery 
(composting, anaerobic digestion, animal 
feeding) are included” 
1 2 3 4 5 6 7 8 9 10 
Environmental 
control & 
Resource 
management 
Landfills condition: “specification of 
current controlled Landfill by  meeting 
the international standards”  
1 2 3 4 5 6 7 8 9 10 
Energy generation by treated waste: 
“percentage of energy generated form 
waste management system either from 
landfill or incineration” 
1 2 3 4 5 6 7 8 9 10 
  
Collection Coverage: “Percentage of 
population who has access to waste 
collection & street sweeping services” 
1 2 3 4 5 6 7 8 9 10 
  Collection route and frequency per days 1 2 3 4 5 6 7 8 9 10 
Construction  & 
Demolition 
Recycling: “percentage of total waste 
which is recycled as materials”  
1 2 3 4 5 6 7 8 9 10 
Percentage of total Contractors paying 
for waste collection & disposal services. 
1 2 3 4 5 6 7 8 9 10 
Financial 
sustainability  
Solid waste  budget per Capita per year ( 
collected and disposed) 
1 2 3 4 5 6 7 8 9 10 
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  City Solid waste budget per capita as % 
of GDP capita (%) 
1 2 3 4 5 6 7 8 9 10 
  
Percentage of total population paying 
direct or indirect for waste collection / 
disposal services. 
1 2 3 4 5 6 7 8 9 10 
Governances & 
Policies 
Waste collection and disposal policy: 
“measure of a city’s efforts to improve or 
sustain its waste collection and disposal 
system to minimize the environmental 
impact of waste” 
1 2 3 4 5 6 7 8 9 10 
  
Waste recycling and re-use policy: 
“measure of a city’s efforts to reduce, 
recycle and re-use waste” 
1 2 3 4 5 6 7 8 9 10 
  Public participation 1 2 3 4 5 6 7 8 9 10 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in 
this questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will 
do a lot to enhance current practice in the area. All participants are invited to request 
a copy of the results at the conclusion of the study by contacting 
(hkals@deakin.edu.au). 
 
PhD Researcher 
School of Architecture and Built Environment 
Deakin University Melbourne, Australia 
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Developing Abu Dhabi’s Water Sustainability Indicators 
 
Dear Participant,  
This survey is an integral part of a research titled “Developing a spatial linked 
decision support system for sustainable built environment in Abu Dhabi”. The 
research aims to develop spatial sustainable indicators for Abu Dhabi’s built 
environment. The outcome of the survey will enable the researcher to refine and 
finalise the recommendations for the development of a framework of sustainability 
indicators for the city of Abu Dhabi.   
 
For further information please contact (hkals@deakin.edu.au) 
 
Date---------------------------------------------------- 
 
How do you best describe yourself? (Please circle the number) 
1 Specialist/ Expert/  Academic/ Engineer in the water field  
2 Decision maker in the water field 
3 General Public 
 
1. General information about Abu Dhabi Water Sustainability Indicators 
Abu Dhabi has one of the largest water footprints in the world. Groundwater is 
overexploited. Waste water is increasingly being treated to supply non-drinking 
water, but it still only covers a small proportion of the demand. Desalination of sea 
water is the main source of potable water, but the high economic cost of 
desalination, its intensive energy demand and the adverse effects of its effluents on 
the marine life are a major concern. Other factors contributing to the problem are the 
focus on water management policies; supplying enough water for the growing, the 
increase of the per capita water consumption and the free water charge for most of 
the population. 
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This part of the research aims to develop a water sustainability set of indicators for 
the challenging context of UAE. Based on a review of the literature, the proposed 
framework involves 19 indicators, divided into four categories: water availability; 
water quality; water use efficiency; and policy and governance. Using an integrated 
cause-effect approach (DSR – Driving force, State, Response), the indicators were 
related in terms of their interdependencies, with a holistic view of the city water 
cycle.  
1. Component-Related Questions (to be completed by respondents) 
Do you agree with the following components being included in the water 
framework? 
    1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree  
Category Your Score (Please circle the number) 
Water Availability 1 2 3 4 5 
Water Quality 1 2 3 4 5 
Water use efficiency 1 2 3 4 5 
Policy and governance 1 2 3 4 5 
x Of the above components, do you think any should be modified or removed? 
Are there other components to be added? 
 
 
x If your answer is No for Question 2.2, please continue to Part 3. If your 
answer is “Yes”, what are the components to be modified or removed? What 
are the components to be added? 
 
 
 
 
 
 
 
 
 
2. Indicator–Related Questions (to be completed by respondents) 
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Do you agree with the following indicators being included in the water sustainability 
indicators framework? 
          1= strongly disagree   2= disagree 3= neutral 4 = agree 5= strongly agree 
Category Indicator  Your Score 
(Please circle) 
Availability Per capita fresh renewable water availability  1 2 3 4 5 
Quality Quality of Drinking water “%meeting the WHO+ Abu 
Dhabi  water quality guidelines” 
1 2 3 4 5 
Quality of sea water (μg/l) “Copper Concentration (in 
Desalination Plants  vicinity)” 
1 2 3 4 5 
Quality of sea water (μg/l) “Chlorine Concentration (in 
Desalination Plants  vicinity) 
1 2 3 4 5 
Quality of sea water (μg/l) Salinity  (in Desalination Plants  
vicinity)” 
1 2 3 4 5 
Sea  Water Temperature  “(in Desalination Plants  vicinity)” 1 2 3 4 5 
Quality of ground water “Nutrients Concentration”  1 2 3 4 5 
Quality of ground water “Salinity Concentration parts per 
million μg/l “ 
1 2 3 4 5 
use efficiency Annual Water consumption as percentage of total available 
water 
1 2 3 4 5 
Disparities: “Household water use for each income group” 1 2 3 4 5 
Per Capita Daily  Water Consumption  1 2 3 4 5 
Water Consumption per sector (industrial, residential, 
commercial, agricultural...etc.) 
1 2 3 4 5 
Percentage of dwellings connected to the sewage system 1 2 3 4 5 
Percentage of total wastewater Treated  1 2 3 4 5 
Percentage of total  treated wastewater used 1 2 3 4 5 
Water system leakages: “Percentage of water lost in the 
distribution system (Main Pipelines +Dist network)” 
1 2 3 4 5 
Usage Tariff: “Percentage of total population paying direct 
or indirect  for water usage” 
1 2 3 4 5 
Policy and 
Governance 
Measure of a government policy toward manage water 
resource, use efficiently and treatment   
1 2 3 4 5 
Public participation:  1 2 3 4 5 
x Of the above indicators, do you think any should be modified or removed? 
Are there other indicators to be added? 
 
 333 
 
x If your answer is “Yes” for Question 3.2, what are the indicators to be 
modified or removed? What are the indicators to be added? 
 
 
x Based on your professional experience, please evaluate the importance of the 
indicators listed below for assessing the sustainability of Abu Dhabi’s built 
environment. Use the scale of 1 to 10 to identify the level of importance, in 
which 1 means “not important”   and 10 means “extremely important”  
Category Indicator Your Score 
(Please circle the No) 
Availability Per capita fresh renewable water 
availability (considering natural renewable 
water  sources  
1 2 3 4 5 6 7 8 9 10 
Quality Quality of Drinking water (%meeting the 
WHO+ Abu Dhabi  water quality guidelines 
) 
1 2 3 4 5 6 7 8 9 10 
Quality of sea water (μg/l) “Copper 
Concentration (in Desalination Plants  
vicinity)” 
1 2 3 4 5 6 7 8 9 10 
Quality of sea water (μg/l) “Chlorine 
Concentration (in Desalination Plants  
vicinity)” 
1 2 3 4 5 6 7 8 9 10 
Quality of sea water (μg/l) “Salinity  (in 
Desalination Plants  vicinity)” 
1 2 3 4 5 6 7 8 9 10 
Sea  Water Temperature  (in Desalination 
Plants  vicinity) 
1 2 3 4 5 6 7 8 9 10 
Quality of ground water Nutrients 
Concentration  
1 2 3 4 5 6 7 8 9 10 
Quality of ground water “Salinity 
Concentration parts per million  μg/l” 
1 2 3 4 5 6 7 8 9 10 
use 
efficiency 
Annual Water consumption as percentage 
of total available water 
1 2 3 4 5 6 7 8 9 10 
Disparities: “Household water use for each 
income group” 
1 2 3 4 5 6 7 8 9 10 
Per Capita Daily  Water Consumption  1 2 3 4 5 6 7 8 9 10 
Water Consumption per sector (industrial, 
residential, commercial, agricultural...etc) 
1 2 3 4 5 6 7 8 9 10 
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Percentage of dwellings connected to the 
sewage system 
1 2 3 4 5 6 7 8 9 10 
Percentage of total wastewater Treated  1 2 3 4 5 6 7 8 9 10 
Percentage of total  treated wastewater used 1 2 3 4 5 6 7 8 9 10 
Water system leakages: “Percentage of 
water lost in the distribution system (Main 
Pipelines +Dist network)” 
1 2 3 4 5 6 7 8 9 10 
Usage Tariff: “Percentage of total 
population paying direct or indirect for 
water usage” 
1 2 3 4 5 6 7 8 9 10 
Policy and 
Governance 
Measure of a government policy toward 
manage water resource, use efficiently and 
treatment   
1 2 3 4 5 6 7 8 9 10 
Public participation: 1 2 3 4 5 6 7 8 9 10 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in 
this questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will 
do a lot to enhance current practice in the area. All participants are invited to request 
a copy of the results at the conclusion of the study by contacting 
(hkals@deakin.edu.au). 
 
 
PhD Researcher 
School of Architecture and Built Environment 
Deakin University Melbourne, Australia 
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Round (2) Questionnaires 
 
Round Two 
Developing Abu Dhabi’s Energy Sustainability Indicators 
 
1. Information for Round Two 
We would like to thank all respondents for responses given in the first Round. The 
responses in Round One were used to formulate the questionnaire of Round Two. 
The responses to Round One questions can be found in this questionnaire (Round 
Two). 
 
In this questionnaire, respondents are expected to provide answers to the given 
questions. If the questions in this questionnaire are the same as the questions in 
Round One, respondents are allowed to provide the same or different answers. 
However, we encourage participants to consider responses from other participants 
from Round One when providing answers in Round Two. 
 
Based on the suggestions in Round One, the proposed Abu Dhabi‘s energy 
framework in this questionnaire is shown in the following table (1).  
The questionnaire consists of three main sections which are: Information for Round 
Two (Section I), Results from Round One (Section II) and questions to be answered 
by respondents (Section III). 
 
In this questionnaire (Section III), the respondents are expected to assess the new 
structure of components, assess the new structure of indicators and assess the 
proposed thresholds. 
 
 
 
  
Table 1 Proposed framework after Round 1 
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Category Indicators Unit 
Threshold Value 
Max Min 
  
Population with access to electricity  % 100 - 
Energy use per capita (primary energy) toe/cap/ year 3,000 1,800 
  Electricity consumption per Capita  kWh /cap/ year 10,227 2,974 
Energy Use & 
Efficiency 
Identification of the stream of electricity 
consumption (residential, industrial, 
agricultural, commercial/services)  
Score Yes No 
  
Disparities: Household energy use for 
each income group  
Household/kWh/ 
year 
- 3,471 
  
  
The share of energy consumption in 
transportation sector per total final 
energy consumption  
% 26 20 
Grid efficiency:  Electricity transmission 
and distribution losses. 
% 5.9 0 
Safety: Number of annual fatalities per 
energy  produced by fuel  
# - 0 
  
Diversification: (fuel Mix): Fuel shares 
in energy and electricity 
Score Yes No 
  
Renewable Energy: energy used from 
renewable source as a percentage of total 
energy consumption 
% 40 20 
  
Energy  intensity: Total annual energy 
consumed by the city, in  per unit of GDP  
$/kg oil 
equivalent  
181.5 154.88  
  Household electricity intensities kWh /cap/ year  731 
  
Transport  energy intensities: energy use 
per private passenger 
MJ/Km - 2.3 
Environment 
Protection 
Climate change: CO2 emission from 
energy  activities  
Ton/ cap/year 10.1 4.7 
  
Air Pollution : emission from energy 
industries 
Kg-tonne/year  SOx: 
30  
NOx: 
50 
  
Water pollution: Contaminant discharge 
in liquid effluents from energy facilities  
Kg/year - 0 
  
Solid Waste: Ratio of solid waste 
generation to units of energy produced 
kg / toe 5 3 
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Affordability 
&Financial 
sustainability 
Affordability: Identification of the 
household energy expenditure load % 
(Energy expenditure/average household 
income) 
Score Yes No 
  
Energy  price: Average price in US$ for 
electricity kWh and fuel L of regular 
gasoline 
US$/KWh 
US$/L 
0.1589 
1.91 
0.0826 
1.4 
Governance 
&Policy  
Clean and efficient energy policies: An 
assessment of the effectiveness of 
policies promoting the use of clean and 
efficient energy. 
Score 10 0 
  
Public participation: measure of the 
public engagement in activities of clean 
and efficient energy use.   
Score 10 0 
 
2. Results from Round One 
Participants 
The stakeholders were recruited and identified from different categories from Abu 
Dhabi Emirate. The targeted stakeholders for this survey were 20 participants from 
specialists group (including academics, consultants, government employees, and 
engineers), 5 participants from decision makers and 5 participants from the public. 
Initially, the survey documents were sent to all participants by email, these included 
the information about the project, Plain Language Statement and the questionnaire. 
A follow-up posting of the material was sent to non-responded participants within a 
fortnight. Most of the participants expressed their willingness to participate, few 
either did not accepted or declined the invitation. In the end the total number of 
participants was 30 stakeholders, 23 members from specialists group, 2 members 
from decision makers and 5 from general public as shows in Figure 1, where some of 
the participants describe themselves as general public even if they work in the 
energy field. 
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Figure 1 Participants in the questionnaire 
 
Components 
The responses from respondents on the component-related questions are shown in 
Figure (2). It shows that for the component of Accessibility, 58.7 % of the 
respondents agreed (chose 4 or 5 on the 5-point Likert-scale). A consensus is 
considered to be reached if more than 67% of the respondents agreed. 3.4% 
disagreed and 37.9% had a neutral response. For other components it shows that 
90% of the respondents answered 4 or 5 on the 5- point Likert-scale, namely, more 
Energy Use & Efficiency, Environment Protection, Affordability &Financial 
sustainability and Governances & Policies  90%, 93%, 90% and 93% of the 
respondents respectively agreed. As the percentages of Accessibility fell below 67%, 
this component was taken into Round Two of the Delphi application. 
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Figure 2 Percentage of Responses Agreed on Components Indicators 
 
Indicators 
With regards to the initially identified indicators of the Abu Dhabi’s Energy, the 
responses are shown in Figure (2). It shows that more than 90% of the respondents 
answered 4 or 5 on the 5- point Likert-scale for 7 indicators, namely, Energy use per 
capita, Electricity consumption per Capita, Grid efficiency, Climate change, Air 
Pollution, Water pollution, Clean and efficient energy policies. In addition it shows 
that between 67%-87% of the respondents answered 4 or 5 for all other indicators; 
this means that for this study, all the offered indicators in the first-round 
questionnaire were agreed upon by the respondents.  
 
 
67 67 
67 
0
10
20
30
40
50
60
70
80
90
100
Accessibility Energy Use
& Efficiency
Environment
Protection
Affordability
&Financial
sustainability
Governance
& Policy
Agree(4,5)
Neutral (3)
Disagree(1, 2)
Target
 340 
 
 
Figure 3 Percentage of responses agreed on indicators 
 
Importance of indicators  
The responses from respondents on the importance of each indicator are shown in 
Figure (4). It shows that the indicator “Climate change: CO2 emissions from Energy 
activities” got the highest importance with an average of 9.3 (on the 10-point Likert-
scale) followed (in order) by “Renewable Energy: energy used from renewable 
source as a percentage of total energy consumption” and “Air pollution: emissions 
from energy systems” 9.1 and 9 points respectively. The indicator “The share of 
energy consumption in transportation sector per total final energy consumption” got 
the lowest importance with an average of 7.7.  
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Figure 4 Responses on the important of indicators 
 
Conclusions on Round One 
Based on the results from Round One, the conceptual framework of Abu Dhabi’s 
energy was modified, as shown in Table 3. This modified framework was then 
brought to the next round of Delphi application.  
 
The modified framework in Table 3 incorporated suggestions from Round One to 
correspond with the four components of Energy Use & Efficiency, Environment 
Protection, Affordability &Financial sustainability and Governances & Policies. 
 
Table 3 Proposed framework after Round 1 
Category Indicators Unit 
Threshold Value 
Max Min 
  
Population with access to electricity  % 100 - 
Energy use per capita (primary energy) toe/Cap/ Year 3,000 1,800 
  Electricity consumption per Capita  kWh /Cap/ Year 10,227 2,974 
Energy Use & 
Efficiency 
Identification of the stream of electricity 
consumption (residential, industrial, 
agricultural, commercial/services)  
Score Yes No 
  Disparities: “Household energy use for each Household/kWh/ - 3,471 
7.500
8.000
8.500
9.000
9.500
10.000
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income group “ year 
  
  
The share of energy consumption in 
transportation sector per total final energy 
consumption  
% 26 20 
Grid efficiency:  “Electricity transmission 
and distribution losses” 
% 5.9 0 
Safety: “Number of annual fatalities per 
energy  produced by fue”l  
# - 0 
  
Diversification: “Fuel shares in energy and 
electricity” 
Score Yes No 
  
Renewable Energy: “energy used from 
renewable source as a percentage of total 
energy consumption” 
% 40 20 
  
Energy  intensity: “Total annual energy 
consumed by the city, in  per unit of GDP”  
$/kg oil 
equivalent  
181.5 154.88  
  Household electricity intensities kWh /Cap/ Year  731 
  
Transport  energy intensities: “energy use 
per private passenger” 
MJ/Km - 2.3 
Environment 
Protection 
Climate change: “CO2 emissions from 
energy  activities”  
Ton/ cap/Year 10.1 4.7 
  
Air Pollution : “emission from energy 
industries” 
Kg-tonne/Year  SOx: 
30  
NOx: 
50 
  
Water pollution: “Contaminant discharge in 
liquid effluents from energy systems” 
Kg/Year - 0 
  
Solid Waste: “Ratio of solid waste 
generation to units of energy produced 
kg / toe 5 3 
Affordability 
&Financial 
sustainability 
Affordability: “Identification of the 
household energy expenditure load % 
(Energy expenditure/average household 
income)” 
Score Yes No 
  
Energy  price: “Average price in US$ for 
electricity kWh and fuel L of regular 
gasoline” 
US$/KWh 
US$/L 
0.1589 
1.91 
0.0826 
1.4 
Governance 
&Policy  
Clean and efficient energy policies: “An 
assessment of the effectiveness of policies 
promoting the use of clean and efficient 
energy” 
Score 10 0 
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Public participation: measure of the public 
engagement in activities of clean and 
efficient energy use.   
Score 10 0 
 
3. Questions (to be completed by respondents) 
Instruction to Respondents 
In this questionnaire, the respondents are expected to: 
x Assess the new structure of Components  
x Assess the new structure of Indicators  
x Assess the proposed Thresholds  
 
Component-Related Question (to be completed by respondents) 
 Do you agree with the structure of Abu Dhabi’s Energy sustainability components?  
 
YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
         1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
 
Do you agree with the following component being removed from the Abu Dhabi’s 
Energy sustainability Indicators? 
Component 
YOUR ASSESSMENT 
(please circle the number) 
Accessibility 1 2 3 4 5 
 
Indicator–Related Questions (to be completed by respondents) 
Do you agree with the new structure of Abu Dhabi’s Energy sustainability 
Indicators? 
 
YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
       1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
Is there any other indicator(s) to be added? Or removed? Or modified? 
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If your answer is No, please continue to the next part. If your answer is “Yes”, what 
are the indicator(s) to be modified or removed? What are the indicator(s) to be 
added? Why? 
 
 
 
 
 
 
Threshold- Related Questions (to be completed by respondents)  
Do you agree with the following threshold for respective indicators? 
Category Indicators Unit 
 
Threshold 
Value 
YOUR 
ASSESSMENT 
(please circle the 
number) 
Max Min  
 
Population with access to 
electricity  
% 100 - 1 2 3 4 5 
Energy use per capita (primary 
energy) 
toe/Cap/ Year 3,000 1,800 1 2 3 4 5 
  
Electricity consumption per 
capita  
kWh /Cap/ Year 10,227 2,974 1 2 3 4 5 
Energy Use & 
Efficiency 
Identification of the stream of 
electricity consumption 
(residential, industrial, 
agricultural, 
commercial/services)  
Score Yes No 1 2 3 4 5 
  
Disparities: “Household energy 
use for each income group  
Household/kWh/ 
year 
- 3,471 1 2 3 4 5 
  
  
The share of energy 
consumption in transportation 
sector per total final energy 
consumption”  
% 26 20 1 2 3 4 5 
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Grid efficiency: “% Electricity 
transmission and distribution 
losses” 
% 5.9 0 1 2 3 4 5 
Safety: “Number of annual 
fatalities per energy  produced 
by fuel chain” 
# - 0 1 2 3 4 5 
  
Diversification: “ Fuel shares in 
energy and electricity” 
Score Yes No 1 2 3 4 5 
  
Renewable Energy: “energy 
used from renewable source as a 
percentage of total energy 
consumption” 
% 40 20 1 2 3 4 5 
  
Energy  intensity: “Total annual 
energy consumed by the city, in  
per unit of GDP”  
$/kg oil 
equivalent  
181.5 154.88  1 2 3 4 5 
  Household electricity intensities kWh /Cap/ Year  731 1 2 3 4 5 
  
Transport  energy intensities: 
energy use per private passenger 
MJ/Km - 2.3 1 2 3 4 5 
Environment 
Protection 
Climate change: “CO2 
emissions from energy  
activities”  
Ton/ cap/Year 10.1 4.7 1 2 3 4 5 
  
Air Pollution :”emission from 
energy Industries” 
Kg-tonne/Year  SOx: 
30  
NOx: 
50 
1 2 3 4 5 
  
Water pollution: “Contaminant 
discharge  in liquid effluents 
from energy facilities” 
Kg/Year - 0 1 2 3 4 5 
  
Solid Waste: “Ratio of solid 
waste generation to units of 
energy produced” 
Kg / toe 5 3 1 2 3 4 5 
Affordability 
&Financial 
sustainability 
Affordability: “Household 
energy expenditure Load % 
(energy expenditure/average 
household income)” 
Score Yes No 1 2 3 4 5 
  
Energy  price: Average price in 
US$ for Electricity and fuel  
US$/KWh 
US$/L 
0.1589 
1.91 
0.0826 
1.4 
1 2 3 4 5 
Governance 
&Policy  
Clean and efficient energy 
policies: An assessment of the 
Score 10 0 1 2 3 4 5 
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effectiveness of policies 
promoting the use of clean and 
efficient energy. 
  
Public participation: measure of 
the public engagement in 
activities of clean and efficient 
energy use.   
Score 10 0 1 2 3 4 5 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in 
this questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will 
do a lot to enhance current practice in the area. All participants are invited to request 
a copy of the results at the conclusion of the study by contacting 
(hkals@deakin.edu.au). 
 
 
PhD Researcher 
School of Architecture and Built Environment 
Deakin University 
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Round Two 
Developing Abu Dhabi’s Solid Waste Sustainability Indicators 
 
1. Information for Round Two 
We would like to thank all respondents for responses given in the first Round. The 
responses in Round One were used to formulate the questionnaire of Round Two. 
The responses to Round One questions can be found in this questionnaire (Round 
Two). 
 
In this questionnaire, respondents are expected to provide answers on the given 
questions. If the questions in this questionnaire are the same as the questions in 
Round One, respondents are allowed to provide the same or different answers. 
However, we encourage participants to consider responses from other participants in 
Round One when providing answers in Round Two. 
 
Based on the suggestions in Round One, the proposed Abu Dhabi‘s solid waste 
framework in this questionnaire is shown in the following table (1).  
The questionnaire consists of three main sections which are: Information for Round 
Two (Section I), Results from Round One (Section II) and questions to be answered 
by respondents (Section III). 
 
In in this questionnaire (Section III), the respondents are expected to assess the new 
structure of components, assess the new structure of indicators and assess the 
proposed thresholds.  
 
Table 1  Proposed framework after Round 1 
Components Indicators 
Unit Threshold Value 
Max Min 
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Quantity & 
Stream  
Total waste generated by the city. 
Kg/ 
Cap/Day 
 2.1 
Generation of  municipal solid waste  
Kg/ 
Cap/Day 
4.5 1.1 
  Generation of hazardous solid waste  
Kg/ 
Cap/Year 
200  
  
Identification of the stream of solid waste: 
Percentage of Composition of   total solid waste 
(Municipal, Commercial, Construction& 
Demolition, Hazardous waste…etc.)  
Score Yes No 
 
Identification of the stream of municipal solid 
waste: Percentage of composition of municipal 
solid waste (Paper, Organic, Plastic, Glass …etc.) 
Score Yes No 
  
Waste Captured by the system: Percentage of the 
solid waste that goes into the formal waste 
management system 
% 100% 0 
  
Controlled Disposal : Percentage disposal in 
landfills or controlled disposal sites of total waste 
generated 
% 3% - 
Environmental 
control & 
Resource 
management 
Recycling &Composting:  percentage of total 
waste which is recycled as materials and various 
forms of organics recovery (composting, animal 
feeding) are included. 
% 54 40% 
 
Landfills condition: specification of current 
controlled Landfill by  meeting the international 
standards  
Score 10 0 
Energy generation by treated waste: energy used 
from incineration as a percentage of total energy 
consumption 
%  2% 
 
Collection Coverage: Percentage of population 
who has access to waste collection & street 
sweeping services 
% 100% - 
Construction  & 
Demolition 
Waste 
Construction  & Demolition Waste Recycling:  
percentage of total waste which is recycled  
% 99% 70% 
Financial 
sustainability  
 
Solid Waste  budget ( collected and disposed 
cost) 
US$/Cap/ 
Year 
75$ - 
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Governances & 
Policies 
Waste collection and disposal policy: Measure of 
a city’s efforts to improve or sustain its waste 
collection and disposal system to minimise the 
environmental impact of waste 
Score 10 0 
  
Waste recycling and re-use policy: Measure of a 
city’s efforts to reduce, recycle and re-use waste. 
Score 10 0 
  
Public participation: activities that aim to involve 
the public in solid waste management, included 
community awareness and education  
Score 10 0 
 
2. Results from Round One 
Participants 
The stakeholders were recruited and identified from different categories from Abu 
Dhabi Emirate. The targeted stakeholders for this survey were 20 participants from 
specialists groups (including academic, consultants, government employees, and 
engineers), 5 participants from decision makers and 5 participants from the public. 
Initially, the survey documents were sent to all participants by email, these included 
the information about the project, Plain Language Statement and the questionnaire. 
A follow-up posting of the material was sent to non-responded participants within a 
fortnight. Most of the participants expressed their willingness to participate; few 
either did not accept or declined the invitation. In the end the total number of 
participants were 33 stakeholders, 20 members from specialists group, 6 members 
for decision makers and 7 from general public as shown in Figure 1, where some of 
the participants describe themselves as general public even if they work in solid 
waste field. 
 
Figure 1 Participants in the questionnaire 
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Components 
The responses from respondents on the component-related questions are shown in 
Figure (2). It shows that for the component of Quantity & Stream, 90.6 % of the 
respondents agreed on the component (chose 4 or 5 on the 5-point Likert-scale). The 
Environmental control & Resource management got the same percentage, however 
for Construction & Demolition, Financial sustainability, Governances & Policies 
87%, 70.9 % and 87.5% of the respondents respectively agreed. In this study, a 
consensus is considered to be achieved if more than 67% of the respondents agreed 
all proposed components in the first-round questionnaire were agreed by the 
respondents.  
 
 
Figure 2 Percentage of Responses Agreed on Components  
 
For the components of Quantity & Stream and Environmental control & Resource 
management, none of the respondents disagreed and 9.3% had a neutral response. 
For the components of Construction & Demolition, Financial sustainability, 
Governances & Policies, 6.4%, 6.4% and 3.1% responses differed respectively. This 
shows that the respondents valued the components of Quantity & Stream and 
Environmental control & Resource management higher than the other three 
components. They also had no disagreement and a lesser percentage of neutral 
responses.   
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Indicators 
With regards to the initially identified indicators of the Abu Dhabi’s solid waste, the 
responses are shown in Figure (3). It shows that more than 90% of the respondents 
answered 4 or 5 on the 5-point Likert-scale for 9 indicators out of  total number of 20 
indicators, namely, the total waste generated by the city, Generation of hazardous 
solid waste per tonnes,  Municipal solid waste  per capita, Stream of solid waste, 
Stream of municipal solid waste, Waste captured by the system: Percentage of the 
solid waste that go into the formal waste management system, Controlled disposal : 
Percentage disposal in landfills or controlled disposal sites of total waste generated, 
Recycling & Composting and Construction & demolition waste recycling. In 
addition it shows that between 67%-85% of the respondents answered 4 or 5 for 7 
indicators, namely Landfills condition, Percentage of energy generated form waste 
management system, Collection Coverage, Solid Waste budget per Capita per year, 
Waste collection and disposal policy, Waste recycling and re-use policy and Public 
participation, for all 16 (9+7) indicators, the consensus was reached. For the other 4 
indicators: Collection Route and frequency, Percentage of total Contractors paying 
for waste services, City solid waste budget per capita as % of GDP capita and 
Percentage of total population paying for waste services, only 64.5%, 64%, 56% and 
48% of the respondents respectively agreed (chose 4 or 5 on the 5-point Likert-
scale), while a rating of 1 or 2 on the Likert-scale were chosen by 16.1%, 9%, 12.5% 
and 18.1 % of the respondents respectively. As the percentages of these four 
indicators fell below 67%, these indicators were taken into Round Two of the Delphi 
application. 
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Figure 3 Percentage of Responses Agreed on Indicators 
 
Importance of indicators  
The responses from participants on the importance of each indicator are shown in 
Figure (4). It shows that the indicator “Generation of solid waste” received the 
highest importance with an average of 9.6 points  (on the 10-point Likert-scale) 
followed (in order) by Recycling & composting, Generation of Municipal waste , 
stream of Municipal waste, Construction  & Demolition Waste Recycling and stream 
of solid waste generation. The indicator “Percentage of total population paying for 
waste services”, got the lowest importance with an average of 7 points.  
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Figure 4 Responses on the important of indicators 
 
Conclusions on Round One 
Based on the results from Round One, the conceptual framework of Abu Dhabi’s 
solid waste was modified, as shown in Table 2. This modified framework was then 
brought to the next round of Delphi application.  
 
The modified framework in Table 2 incorporated suggestions from Round One to 
correspond with the five components of Quantity & Stream, Environmental control 
& resource management, Construction & demolition Waste and Governances & 
policies. The table also includes modified indicators suggested in Round One. The 
public participant indicator was modified to include community awareness and 
education programs.  
 
Table 2 The Modified Framework After Round One of Delphi Application 
Components Indicators 
Unit Threshold Value 
Max Min 
Quantity & 
Stream  
Total waste generated by the city. 
Kg/ 
Cap/Day 
 2.1 
Generation of  municipal solid waste  
Kg/ 
Cap/Day 
4.5 1.1 
  Generation of hazardous solid waste  
Kg/ 
Cap/Year 
200  
7.00
7.50
8.00
8.50
9.00
9.50
10.00
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Identification of the stream of solid waste: 
“Percentage of Composition of   total solid 
waste (Municipal, Commercial, Construction& 
Demolition, Hazardous waste…etc.)” 
Score Yes No 
 
Identification of the stream of municipal solid 
waste: Percentage of composition of municipal 
solid waste (Paper, Organic, Plastic, Glass 
…etc.) 
Score Yes No 
  
Waste Captured by the system: “Percentage of 
the solid waste that goes into the formal waste 
management system” 
% 100% 0 
  
Controlled Disposal : “Percentage disposal in 
landfills or controlled disposal sites of total 
waste generated” 
% 3% - 
Environmental 
control & 
Resource 
management 
Recycling &Composting:  “percentage of total 
waste which is recycled as materials and 
various forms of organics recovery 
(composting, animal feeding) are included.” 
%  40% 
 
Landfills condition: specification of current 
controlled Landfill by  meeting the 
international standards  
Score 10 0 
Energy generation by treated waste: energy 
used from incineration as a percentage of total 
energy consumption 
%  2% 
 
Collection Coverage: “Percentage of 
population who has access to waste collection 
& street sweeping services” 
% 100% - 
Construction  & 
Demolition Waste 
Construction  & Demolition Waste Recycling:  
percentage of total waste which is recycled  
% 99% 70% 
Financial 
sustainability  
 
Solid Waste  budget ( collected and disposed 
cost) 
US$/Cap/ 
Year 
75$ - 
Governances & 
Policies 
Waste collection and disposal policy: “Measure 
of a city’s efforts to improve or sustain its 
waste collection and disposal system to 
minimise the environmental impact of waste” 
Score 10 0 
  
Waste recycling and re-use policy: “Measure of 
a city’s efforts to reduce, recycle and re-use 
Score 10 0 
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waste” 
  
Public participation: “activities that aim to 
involve the public in solid waste management, 
included community awareness and education”  
Score 10 0 
 
3. Questions (to be completed by respondents) 
Instruction to Respondents 
In this questionnaire, the respondents are expected to: 
x Assess the new structure of Components  
x Assess the new structure of Indicators  
x Assess the proposed Thresholds  
 
Component-Related Question (to be completed by respondents) 
Do you agree with the structure of Abu Dhabi’s solid waste sustainability 
components?  
 
 
YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
        1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
 
Indicator–Related Questions (to be completed by respondents) 
Do you agree with the following indicators being removed from Abu Dhabi’s solid 
waste sustainability Indicators? 
Indicators 
YOUR ASSESSMENT 
(please circle the number) 
Collection Route and frequency 1 2 3 4 5 
Percentage of total Contractors paying for waste services. 1 2 3 4 5 
City solid Waste budget per capita as % of GDP capita. 1 2 3 4 5 
Percentage of total population paying for waste services. 1 2 3 4 5 
       1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
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Do you agree with the new structure of Abu Dhabi’s solid waste sustainability 
Indicators? 
 
 
YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
       1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
Is there any other indicator(s) to be added? Or removed? Or modified? 
 
 
 
If your answer is No, please continue to the next part. If your answer is “Yes”, what 
are the indicator(s) to be modified or removed? What are the indicator(s) to be 
added? Why? 
 
 
 
 
 
Threshold- Related Questions (to be completed by respondents) 
Do you agree with the following threshold for respective indicators? 
Components Indicators 
Unit 
 
Threshold 
Value 
YOUR 
ASSESSMENT 
(please circle the 
number) 
Max Min 
Quantity & 
Stream 
Total waste generated by the city. 
Kg/ 
Cap/Day 
 2.1 1 2 3 4  
Generation of  municipal solid waste  
Kg/ 
Cap/Day 
4.5 1.1 1 2 3 4 5 
  Generation of hazardous solid waste  
Kg/ 
Cap/Year 
200  1 2 3 4 5 
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Identification of Stream of solid waste: 
Percentage of Composition of   total 
solid waste (Municipal, Commercial, 
Construction& Demolition, Hazardous 
waste…etc.)  
Score Yes No 1 2 3 4 5 
 
Identification of Stream of municipal 
solid waste: Percentage of composition 
of municipal solid waste (Paper, 
Organic, Plastic, Glass …etc.) 
Score Yes No 1 2 3 4 5 
  
Waste Captured by the system: 
Percentage of the solid waste that goes 
into the formal waste management 
system 
% 100% 0 1 2 3 4 5 
  
Controlled Disposal : Percentage 
disposal in landfills or controlled 
disposal sites of total waste generated 
% 3% - 1 2 3 4 5 
Environmental 
control & 
Resource 
management 
Recycling &Composting:  percentage 
of total waste which is recycled as 
materials and various forms of organics 
recovery (composting, animal feeding) 
are included. 
%  40% 1 2 3 4 5 
 
Landfills condition: specification of 
current controlled Landfill by  meeting 
the international standards  
Score 10 0 1 2 3 4 5 
Energy generation by treated waste: 
energy used from incineration as a 
percentage of total energy consumption 
% 2% - 1 2 3 4 5 
 
Collection Coverage: Percentage of 
population who has access to waste 
collection & street sweeping services 
% 100%  1 2 3 4 5 
Construction  
& Demolition 
Waste 
Construction  & Demolition Waste 
Recycling:  percentage of total waste 
which is recycled  
99% 70%  1 2 3 4 5 
Financial 
sustainability  
 
Solid Waste  budget ( collected and 
disposed cost) 
US$/Cap/ 
Year 
75$ 1.4$ 1 2 3 4 5 
Governances 
& Policies 
Waste collection and disposal policy: 
Measure of a city’s efforts to improve 
or sustain its waste collection and 
Score 10 0 1 2 3 4 5 
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disposal system to minimise the 
environmental impact of waste 
  
Waste recycling and re-use policy: 
Measure of a city’s efforts to reduce, 
recycle and re-use waste. 
Score 10 0 1 2 3 4 5 
  
Public participation: activities that aim 
to involve the public in solid waste 
management, included community 
awareness and education  
Score 10 0 1 2 3 4 5 
 
Of the above thresholds, do you think there are threshold(s) to be modified? 
 
 
 
If your answer is No, please continue to the next part. If your answer is “Yes”, what 
are the threshold(s) to be modified, identifying the relevant indicator(s)?  
 
 
 
 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in 
this questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will 
do a lot to enhance current practice in the area. All participants are invited to request 
a copy of the results at the conclusion of the study by contacting 
(hkals@deakin.edu.au). 
 
PhD Researcher 
School of Architecture and Built Environment 
Deakin University 
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Round Two 
Developing Abu Dhabi’s Water Sustainability Indicators 
 
1. Information for Round Two 
We would like to thank all respondents for responses given in the first Round. The 
responses in Round One were used to formulate the questionnaire of Round Two. 
The responses to Round One questions can be found in this questionnaire (Round 
Two). 
 
In this questionnaire, respondents are expected to provide answers on the given 
questions. If the questions in this questionnaire are the same as the questions in 
Round One, respondents are allowed to provide the same or different answers. 
However, we encourage participants to consider responses from other participants in 
Round One when providing answers in Round Two. 
 
Based on the suggestions in Round One, the proposed Abu Dhabi‘s Water 
framework in this questionnaire is shown in the following table (1).  
The questionnaire consists of three main sections which are: Information for Round 
Two (Section I), Results from Round One (Section II) and questions to be answered 
by respondents (Section III). 
 
In this questionnaire (Section III), the respondents are expected to assess the new 
structure of components, assess the new structure of indicators and assess the 
proposed thresholds. 
 
 
 
 
Table 1 Proposed framework after Round 1 
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Category Indicator Unit Threshold 
Value 
 Max Min 
Availability Per capita renewable water availability considering 
natural renewable water  sources  
m³/Capita /year 1700 500 
Quality Quality of drinking water (%meeting the WHO+ 
Abu Dhabi  water quality guidelines ) 
% 100 - 
Quality of sea water  “Copper concentration (in 
Desalination Plants  vicinity)” 
μg/l 4.8 - 
Quality of sea water “Chlorine Concentration (in 
Desalination Plants  vicinity)” 
μg/l 7.5 - 
Quality of sea water Salinity  (in Desalination 
Plants  vicinity) 
ppm +4 
unit 
- 
Quality of ground water Nutrients concentration  ppm 80 5 
Quality of ground water Salinity concentration  μg/l 50000 100 
use 
efficiency 
Annual water consumption as percentage of total 
available water 
% 40% - 
Disparities: “Household water use for each income 
group” 
litres/Capita/day 500 100 
Per Capita daily water consumption  litres/Capita/day 500 100 
Identification of the water consumption per sector 
(industrial, residential, commercial ..etc.) 
Score Yes No 
Percentage of dwellings connected to the sewage 
system 
% 100  
Percentage of total wastewater treated  % 100 80 
Percentage of total  treated wastewater used % 100  
Water system leakages: “Percentage of water lost 
in the distribution system”  
% 23 5 
Policy and 
Governance 
Usage tariff: Percentage of total population paying 
direct or indirect  for water usage 
% 100 - 
Measure of a government policy toward manage 
water resource, use efficiently and treatment   
Score 10 0 
Public participation: “measure of the public 
engagement in activities of water use efficiency 
and management of water resources” 
Score 10 0 
 
 
2. Results from Round One 
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Participants 
The stakeholders have been recruited and identified from different categories from 
Abu Dhabi Emirate. The targeted stakeholders for this survey are 20 participants 
from specialists groups (including academics, consultants, government employees, 
and engineers), 5 participants from decision makers and 5 participants from the 
public. 
 
Initially, the survey documents were sent to all participants by email, these included 
the information about the project, Plain Language Statement and the questionnaire. 
A follow-up posting of the material was sent to non-responded participants within a 
fortnight. Most of the participants expressed their willingness to participate; few 
either did not accept or declined the invitation. In the end the total number of 
participants was 28 stakeholders, 20 members from specialists group, 3 members for 
decision makers and 5 from general public as shown in Figure 1. 
 
 
Figure 1  Participants in the questionnaire 
 
Components 
The responses from respondents on the component-related questions are shown in 
Figure (2). It shows that for all of the proposed components 93 % or more of the 
respondents agreed (chose 4 or 5 on the 5-point Likert-scale) and none of the 
respondents disagreed. A consensus is considered to be achieved if more than 67% 
of the respondents agreed. It shows that 100 % of the respondents agreed on the 
component of water use efficiency (chose 4 or 5 on the 5-point Likert-scale), 
0
5
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25
General Public Decision makers Specialists
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whereas for Water availability, Water quality and Policy and governance 96%, 96 % 
and 93% of the respondents respectively agreed. 
 
Figure 2 Percentage of Responses Agreed on Components Indicators 
 
For the components, none of the respondents disagreed and for the components of 
Water availability, Water quality and Policy and governance 3.5%, 3.5 % and 7% 
respectively had a neutral response. 
 
Indicators 
With regards to the initially identified indicators of Abu Dhabi’s water, the responses 
are shown in Figure (2). It shows that more than 67% of the respondents answered 4 
or 5 on the 5- point Likert-scale for 18 indicators, namely, Per capita fresh water 
availability considering natural renewable water  sources, Quality of Drinking water, 
Quality of sea water (μg/l) Copper Concentration, Quality of sea water (μg/l) 
Chlorine Concentration, Quality of sea water (μg/l) Salinity, Quality of ground water 
Nutrients Concentration, Quality of ground water Salinity Concentration, Annual 
Water consumption as percentage of total available water, Disparities: Household 
water use for each income group, Per Capita Daily  Water Consumption, Water 
Consumption per sector (industrial, residential, commercial, agricultural...etc.), 
Percentage of dwellings connected to the sewage system, Percentage of total 
wastewater treated, Percentage of total treated wastewater used, Water system 
leakages, Usage tariff, Measure of a government policy toward manage water 
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resource, use efficiently and treatment and Public participation. ). The figure also 
shows that for the Indictor “Sea water temperature”, only 63 % of the respondents 
agreed on the component (chose 4 or 5 on the 5-point Likert-scale) As the 
percentages of this indicator fell below 67%, this indicator was taken into Round 
Two of the Delphi application. 
 
 
Figure  3 Percentage of responses agreed on indicators 
 
Importance of indicators  
The responses from respondents on the importance of each indicator are shown in 
Figure (4). It shows that the indicator “Quality of Drinking water” got the highest 
importance with an average of 9.4 (on the 10-point Likert-scale) followed (in order) 
by “Annual Water consumption as percentage of total available water”, “Water 
system leakages” and “Measure of a government policy toward manage water 
resource, use efficiently and treatment” 9.3, 9 and 9 respectively. The indicator of 
“Sea water temperature” got the lowest importance with an average of 7.5.  
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Figure  4 Responses on the important of indicators 
 
Conclusions on Round One 
Based on the results from Round One, the conceptual framework of Abu Dhabi’s 
Water was modified, as shown in Table 2. This modified framework was then 
brought to the next round of Delphi application.  
The modified framework in Table 2 incorporated suggestions from Round One to 
correspond with the four components: Water availability, Water quality, water use 
efficiency and Policy and governance. It also includes modified indicators suggested 
in Round One, the indicator “Usage tariff” moved to the Policy and governance 
component and the indicator “Public participant” modified to include community 
awareness and education programs.  
 
 
 
 
Table 2 Proposed framework after Round 1 
Category Indicator Unit Threshold 
7.00
7.50
8.00
8.50
9.00
9.50
10.00
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Value 
 Max Min 
Availability Per capita renewable water availability 
considering natural renewable water  
sources  
m³/Capita /year 1700 500 
Quality Quality of drinking water (%meeting 
the WHO+ Abu Dhabi  water quality 
guidelines ) 
% 100 - 
Quality of sea water  “Copper 
concentration (in Desalination Plants  
vicinity)” 
μg/l 4.8 - 
Quality of sea water “Chlorine 
Concentration (in Desalination Plants  
vicinity)” 
μg/l 7.5 - 
Quality of sea water “Salinity  (in 
Desalination Plants  vicinity)” 
ppm +4 
unit 
- 
Quality of ground water Nutrients 
concentration  
ppm 80 5 
Quality of ground water Salinity 
concentration  
μg/l 50000 100 
use efficiency Annual water consumption as 
percentage of total available water 
% 40% - 
Disparities: “Household water use for 
each income group” 
litres/Capita/day 500 100 
Per Capita daily water consumption  litres/Capita/day 500 100 
Identification of the water consumption 
per sector (industrial, residential, 
commercial, agricultural...etc.) 
Score Yes No 
Percentage of dwellings connected to 
the sewage system 
% 100  
Percentage of total wastewater treated  % 100 80 
Percentage of total  treated wastewater 
used 
% 100  
Water system leakages: “Percentage of 
water lost in the distribution system 
(Main pipelines +Dist network)” 
% 23 5 
Policy and 
Governance 
Usage tariff: “Percentage of total 
population paying direct or indirect  for 
water usage” 
% 100 - 
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Measure of a government policy 
toward manage water resource, use 
efficiently and treatment   
Score 10 0 
Public participation: “measure of the 
public engagement in activities of 
water use efficiency and management 
of water resources included (awareness 
and education program)” 
Score 10 0 
 
3. Questions (to be completed by respondents) 
Instruction to Respondents 
In this questionnaire, the respondents are expected to: 
x Assess the new structure of Components  
x Assess the new structure of Indicators  
x Assess the proposed Thresholds  
 
Component-Related Question (to be completed by respondents) 
 Do you agree with the structure of Abu Dhabi’s Water sustainability components?  
 
YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
    1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
 
Indicator–Related Questions (to be completed by respondents) 
Do you agree with the following indicator being removed from the Abu Dhabi’s 
Water sustainability Indicators? 
Indicators 
YOUR ASSESSMENT 
(please circle the number) 
Sea water temperature 1 2 3 4 5 
 
Do you agree with the new structure of Abu Dhabi’s Water sustainability Indicators? 
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YOUR ASSESSMENT 
(please circle or cross the number) 
1 2 3 4 5 
 
    1= strongly disagree   2= disagree   3= neutral   4= agree   5 =strongly agree 
Is there any other indicator(s) to be added? Or removed? Or modified? 
 
 
If your answer is No, please continue to the next part. If your answer is “Yes”, what 
are the indicator(s) to be modified or removed? What are the indicator(s) to be 
added? Why? 
 
 
 
 
 
 
Threshold- Related Questions (to be completed by respondents) 
Do you agree with the following threshold for respective indicators? 
Category Indicator  
Unit 
Threshold 
Value 
YOUR 
ASSESSMENT 
(please circle the 
number) 
 Max Min 
Availability Per capita fresh  water 
availability “considering 
natural renewable water  
sources”  
m³/Capita /year 1700 500 1 2 3 4 5 
Quality Quality of drinking water 
(%meeting the WHO+ Abu 
Dhabi  water quality guidelines 
) 
% 100 - 1 2 3 4 5 
Quality of sea water”  Copper 
concentration (in Desalination 
Plants  vicinity)” 
μg/l 4.8 - 1 2 3 4 5 
Quality of sea water “Chlorine 
Concentration (in Desalination 
μg/l 7.5 - 1 2 3 4 5 
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Plants  vicinity)” 
Quality of sea water “Salinity  
(in Desalination Plants  
vicinity”) 
ppm +4 
unit 
- 1 2 3 4 5 
Quality of ground water 
Nutrients concentration  
ppm 80 5 1 2 3 4 5 
Quality of ground water 
Salinity concentration  
μg/l 50000 100 1 2 3 4 5 
use 
efficiency 
Annual water consumption as 
percentage of total available 
water 
% 40% - 1 2 3 4 5 
Disparities: ”Household water 
use for each income group” 
litres/Capita/day 500 100 1 2 3 4 5 
Per Capita daily water 
consumption  
litres/Capita/day 500 100 1 2 3 4 5 
Identification of the water 
consumption per sector 
(industrial, residential, 
commercial,...etc.) 
Score Yes No 1 2 3 4 5 
Percentage of dwellings 
connected to the sewage system 
% 100  1 2 3 4 5 
Percentage of total wastewater 
treated  
% 100 80 1 2 3 4 5 
Percentage of total  treated 
wastewater used 
% 100  1 2 3 4 5 
Water system leakages: 
“Percentage of water lost in the 
distribution system” 
% 23 5 1 2 3 4 5 
Policy and 
Governance 
Usage tariff: “Percentage of 
total population paying direct 
or indirect  for water usage” 
% 100 - 1 2 3 4 5 
Measure of a government 
policy toward manage water 
resource, use efficiently and 
treatment   
Score 10 0 1 2 3 4 5 
Public participation: “measure 
of the public engagement in 
activities of water use 
Score 10 0 1 2 3 4 5 
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efficiency and management of 
water resources” 
 
Closing 
Thank you for your participation in this questionnaire, your time and effort to fill-in 
this questionnaire is highly appreciated and will be beneficial to the improvement of 
resources management in UAE in general. The valuable information provided will 
do a lot to enhance current practice in the area. All participants are invited to request 
a copy of the results at the conclusion of the study by contacting 
(hkals@deakin.edu.au). 
 
 
PhD Researcher 
School of Architecture and Built Environment 
 Deakin University 
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Professor Hisham Elkadi 
School of Architecture and Built Environment 
Faculty of Science Engineering & Built Environment 
Waterfront Campus 
C.c Dr Simone Leao  
2 September 2013 
Dear Hisham, Simone  
STEC-58-2012-ALSALMI “Developing a GIS linked decision support system 
for sustainable built environment in Abu Dhabi” 
Thank you for submitting the above project for consideration by the Faculty Human 
Ethics Advisory Group (HEAG). The HEAG recognised that the project complies 
with the National Statement on Ethical Conduct in Human Research (2007) and has 
approved it. You may commence the project upon receipt of this communication.  
The approval period is for three years. It is your responsibility to contact the Faculty 
HEAG immediately should any of the following occur: 
x Serious or unexpected adverse effects on the participants 
x Any proposed changes in the protocol, including extensions of time 
x Any changes to the research team or changes to contact details 
x Any events which might affect the continuing ethical acceptability of the 
project 
x The project is discontinued before the expected date of completion. 
You will be required to submit an annual report giving details of the progress of your 
research. Please forward your first annual report on 2/9/14. Failure to do so may 
result in the termination of the project. Once the project is completed, you will be 
required to submit a final report informing the HEAG of its completion. 
Please ensure that the Deakin logo is on the Plain Language Statement and Consent 
Forms. You should also ensure that the project ID is inserted in the complaints 
clause on the Plain Language Statement, and be reminded that the project number 
must always be quoted in any communication with the HEAG to avoid delays. All 
communication should be directed to sciethic@deakin.edu.au 
The Faculty HEAG and/or Deakin University Human Research Ethics Committee 
(HREC) may need to audit this project as part of the requirements for monitoring set 
out in the National Statement on Ethical Conduct in Human Research (2007). 
If you have any queries in the future, please do not hesitate to contact me. 
We wish you well with your research. 
Kind regards 
 
Sandra Dunoon 
Secretary, Human Ethics Advisory Group (HEAG) 
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Faculty of Science Engineering & Built Environment 
School of Architecture & Building Environment (W) 
cc. Prof Hisham Elkadi 
Dr Simone Leao 
December 11, 2013 
Dear Huda 
STEC-58-2012-ALSALMI- MOD 01 
Thank you for submitting the above project for consideration by the Faculty Human 
Ethics Advisory Group (HEAG). The HEAG recognised that the project complies 
with the National Statement on Ethical Conduct in Human Research (2007) and has 
approved it. You may commence the project upon receipt of this communication.  
The approval period is for three years. It is your responsibility to contact the Faculty 
HEAG immediately should any of the following occur: 
x Serious or unexpected adverse effects on the participants 
x Any proposed changes in the protocol, including extensions of time 
x Any changes to the research team or changes to contact details 
x Any events which might affect the continuing ethical acceptability of the 
project 
x The project is discontinued before the expected date of completion. 
You will be required to submit an annual report giving details of the progress of your 
research. Please forward your first annual report on 11/12/14. Failure to do so may 
result in the termination of the project. Once the project is completed, you will be 
required to submit a final report informing the HEAG of its completion. 
Please ensure that the Deakin logo is on the Plain Language Statement, Consent 
Forms and all other documentation provided to participants. You should also ensure 
that the project ID is inserted in the complaints clause on the Plain Language 
Statement and Consent forms, and be reminded that the project number must always 
be quoted in any communication with the HEAG to avoid delays. All 
communication should be directed to sciethic@deakin.edu.au 
The Faculty HEAG and/or Deakin University Human Research Ethics Committee 
(HREC) may need to audit this project as part of the requirements for monitoring set 
out in the National Statement on Ethical Conduct in Human Research (2007). 
If you have any queries in the future, please do not hesitate to contact me. 
We wish you well with your research. 
Kind regards 
 
Sandra Dunoon 
Secretary, Human Ethics Advisory Group (HEAG) 
Faculty of Science and Technology 
 
 
